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POTENTIAL  ENVIRONMENTAL  IMPACTS  OF  ARMY  LASER  OPERATIONS 

AN  OVERVIEW 

i 

» 

i 


1. 


INTRO 


DUCTION 


The  tefm  "laser”  is  an  acronym  for  Light  Amplification  by  Stimulated  Emission 
of  Radiation.  Quite  simply,  a  laser  is  a  device  that  strengthens  or  amplifies  light  to 
produce  a  very  narrow,  intense  beam  which  is  transmitted  in  one  direction.  Many 
materials  have  been  shown  to  be  capable  of  emitting  laser  light,  some  at  intensities 
several  hundred  times  brighter  than  sunlight. 


The  unique  properties  of  laser  light  and  lasing  devices  (see  Appendix  A)  are 
useful  in  many  technologies,  including  communications,  precision  measurement,  guidance 
systems,  welding,  photography,  and  medicine.  Lasers  have  become  increasingly  useful  in 
military  operations,  particularly  as  aids  for  training,  the  acquisition  of  targets,  and  fire 
control.  The  potential  of  certain  lasers  to  accurately  transfer  huge  amounts  of  energy  to 
small  areas  is  also  of  interest  for  future  weapons  systems.  Because  of  the  likely 
importance  of  lasing  devices  in  future  military  battlefields,  laser  research  is  actively 
supported  by  the  Department  of  Defense  (DOD)  with  programs  under  the  direction  of  the 
Department  of  the  Army  (DA)  and  the  other  military  services. 


This  document  addresses  potential  environmental  impacts  attending  DA 
research  and  development  programs  for  laser  technologies  of  military  utility.  It  is 
intended  to  provide  relevant  background  information  for  Army  environmental 
documentation  requirements,  as  detailed  in  Army  Regulation  (AR)  200-22  and  in 
supplements  to  this  AR  by  the  major  Army  commands  (MACOMs).  Because  of  the  large 
variety  of  potential  applications  for  military  lasers,  emphasis  is  placed  on  environmental 
risks  attending  development  of  general  laser  technologies  rather  than  of  specific  lasing 
devices. 

Much  about  Army  laser  research  is  classified  defense  information  (see  AR  380- 
23  and  AR  380-f>  regarding  security  classification  guidelines  for  laser  systems).  All 
information  used  for  this  document  can  be  obtained  from  the  open  literature  or  from 
unclassified  government  reports. 

2.  army!  LASER  PROGRAMS 

2.1  History  and  Organization. 

Military  interest  in  laser  research  can  be  traced  to  the  pioneering  work  of 
Townes  at  Columbia  University  in  the  1950's,  which  was  funded  in  part  by  the  DOD 
Joint  Services  Electronics  Program.  The  first  military  application  of  this  technology  was 
demonstrated  in  a  prototype  rangefinder  in  1962.  Since  then  laser  and  related 
technologies  have  introduced  combat  capabilities  to  military  forces  that  promise  to 
radically  alter  traditional  concepts  of  conventional  warfare/ 


Programs  for  development  and  deployment  of  laser  devices  are  found  at  many 
levels  within  OOD  (see  Figure  1).  Within  the  DA,  responsibility  for  research, 
development,  and  evaluation  of  laser  technologies  is  organized  into  low  energy  and  high 
energy  laser  systems.*  Responsibility  for  most  basic  low  energy  laser  research  is 
assigned  to  the  Night  Vision  and  Electro-Optics  Laboratory,  US  Army  Electronic 
Research  and  Development  Command,  Fort  Belvoir,  Virginia!  High  energy  laser  (HEL) 
research  is  managed  by  the  Directed  Energy  Directorate,  Army  Mlissile  Laboratory,  US 
Army  Missile  Command,  Redstone  Arsenal,  Alabama.  All  military  high  energy  laser 
programs  are  also  coordinated  at  the  Office  of  the  Secretary  of  Defense. 

Army  research  on  environmental  effects  of  laser  radiation  is  found  in  programs 
managed  by  the  US  Army  Medical  Research  and  Development  Command's  Letterman 
Army  institute  of  Research  (LAIR),**  and  the  USA  Electronic  Research  dt  Development 
Command's  Atmospheric  Sciences  Laboratory  (ASL).t  Workers  at  LAIR  are  investigating 
biological  effects  of  acute  and  subacute  laser  irradiation,  particularly  on  skin  and  ocular 
tissues.  Results  of  this  work  are  used  to  regulate  potential  exposure  risks  to  military 
personneL  ASL  is  the  Army's  lead  laboratory  for  rneterological  support  of  ground  based 
HEL  programs  at  the  National  High  Energy  Test  Range  at  White  Sands  Missile  Range 
(WSMR),  New  Mexico,  and  is  investigating  laser  propagation  in  the  atmosphere. 

Other  federal  agencies  are  currently  funding  laser  research  of  potential  value 
to  Army  needs.  Examples  include  Department  of  Energy  (DOE)  programs  in  laser  fusion 
and  isotope  separation,  and  National  Aeronautics  and  Space  Administration  (NASA) 
research  in  space  communications.  Army  laser  research  has  also  benefited  over  the 
years  from  collaborations  with  industry  and  academia  as  evidenced  by  technological 
advances  with  widespread  civilian  and  military  applications  (see  Table  1).  Such  research 
at  major  university  and  industrial  research  facilities  is  funded  by  research  offices  and 
developmental  laboratories  of  the  military  services. 


*fhe  distinction  between  low  and  high  energy  lasers  is  somewhat  arbitrary.  From  the 
military  systems  perspective,  low  energy  laser  technology  addresses  all  laser 
applications  with  the  exception  of  high  energy  laser  (HEL)  weapons.  HELs  are  defined 
as  any  laser  with  an  average  power  exceeding  20  kilowatts  or  a  single  pulse  energy  of 
30  kilojoules  or  more.  However,  a  laser  is  considered  to  be  "high  power"  'capable  of 
producing  injury  to  skin)  by  health  and  safety  criteria  (see  Appendix  D)  if  it  is  capable 
of  an  average  power  of  at  least  0.5  watt  for  0.25  seconds  or  more. 

•♦Division  of  Ocular  Hazards,  Letterman  Army  Institute  of  Research,  Presidio  of  San 
Francisco,  California  94129 

tPropagation  Research  Branch,  Atmospheric  Sensing  Division,  Atmospheric  Sciences 
Laboratory,  White  Sands  Missile  Range,  New  Mexico  88002. 
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DEFENCE  ADVANCED  RESEARCH 
PROJECTS  AGENCY  (CARP A) 


Figure  1.  Organization  Chart  of  Department  of  Defense  Laser  Activities 


Table  1.  Military  and  Civilian  Applications  of  Laser  Technology 


DOO  Application 

Civilian  Application 

Communication/ fiber  optics 

Multi-channel  telephone/TV  links 

Laser  sensors 

Laser  gyros  for  airplanes 

Micro  meteorology 

Shear  measurement  for  air 

Visibility/cloud  height  meter, 
wind  safety 

Chemical  agent  detection 

Pollution  detection  and  control 

Material  preparation 

Various  areas  of  industrial 
production 

General  laser  sources 

Medical  applications/ 
enter  tainment/education/ 
transportation/law  enforcement 
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2.2  Applications  of  Army  Laser  Technologies. 

2.2.1  Research  and  Development. 

2.2.1. 1  Fire  Control  and  Weapons  Guidance. 

To  date,  the  majority  of  fielded  Army  lasing  devices  have  been  used  to  detect 
and  mark  military  targets.  Targets  can  be  illuminated  by  laser  light  from  devices 
(rangefinders)  which  also  measure  reflection  times  from  the  target  to  accurately 
determine  distances  between  target  and  observer.  Other  lasing  devices  can  be  used  to 
mark  or  "designate"  targets  for  incoming  sensor -equipped  (smart)  munitions. 

2.2. 1.2  Communications. 

One  of  the  most  promising  applications  of  laser  technology  is  in  the  field  of 
communications,  where  laser  frequencies  have  the  potential  to  greatly  exceed  the 
information-carrying  capacities  of  lower  frequency  radiowave  and  microwave  systems. 
Military  advantages  of  optical  transmission  frequencies  include  increased  variety  and 
security  of  communication  networks  and  improved  efficiencies  for  long-range 
transmissions. 

Army  programs  in  this  field  include  development  of  semiconductor  injection 
laser  technologies  for  guided  optical  communication  (fiber  optics)  systems  and  for  short- 
to  medium-range  (line-of-sight)  communicators.  Developments  in  glass  fiber  research 
have  established  the  need  for  laser  transmissions  at  wavelengths  near  1.5  microns. 
Current  research  is  designed  to  produce  semiconductor  alloys  capable  of  effective  output 
in  this  range. 

2.2. 1.3  Training  Aids. 

It  is  desirable  that  military  personnel  be  trained  to  use  modern  weaponry  under 
realistic  battlefield  conditions.  Toward  this  end  a  semiconductor  (gallium  arsenide, 
GaAs)  laser  ias  been  developed  and  incorporated  into  a  training  system,  the  MILES,* 
which  simulates  weapons  firing  during  training  and  field  exercises.  The  MILES  and  other 
laser-based  training  aids  are  effective,  but  necessarily  result  in  greater  risk  of  human 
exposure  than  other  laser  systems.  Current  programs  in  this  area  are  designed  to 
improve  the  reliability  and  safety  of  these  systems.  Eye-safe  solid-state  lasers  are  also 
being  improved  to  enhance  training  applications  for  hand-held  rangefinders  and  other  fire 
control  systems. 


•Multiple  Integrated  Laser  Engagement  System 


2.2.1.4  Remote  Detection. 


Certain  properties  of  reflected  light  can  be  analyzed  to  yield  information 
about  the  medium  through  which  the  light  is  propagated.  Lasers,  particularly  those 
emitting  in  the  infrared  (IR)  spectrum,  are  potentially  useful  as  remote  atmospheric 
probes  for  meteorological  investigations.  Current  work  in  LIOAR  (Light  Detection  and 
Ranging),  an  optical  radar,  may  result  in  remote  sensing  capabilities  lor  atmospheric 
pollutants,  including  potential  nuclear,  biological,  and  chemical  particulates  and 
aerosols.  Other  advanced  systems  are  being  developed  to  improve  current  military 
surveillance  capabilities. 

2.2.1. 5  Weapon  Systems. 

Laser  radiation  can  potentially  be  used  in  weapon  systems  (Directed  Energy 
Weapons)  to  damage  military  target*.  Damage  would  occur  when  enough 
electromagnetic  energy  is  transferred  to  a  target  to  cause  it  or  one  of  its  critical 
components  to  malfunction  by  overheating. 

Three  types  of  MEL  technologies  (gas  dynamic  laser,  GDL;  electric  discharge 
laser,  EOL;  chemical  laser,  CL)  are  potentially  suitable  lor  weapon  applications.  A 
fourth  system,  the  tree-electron  laser  (FEL),  may  also  have  important  applications  but  is 
not  advanced  enough  technologically  lor  lull  appraisal.  Although  capable  ol  output  in  the 
kilowatt  (or  kilojoule)  range  or  higlter,  each  of  these  lasing  systems  is  currently  beset 
with  significant  limitations  regarding  military  utility.  Work  in  this  area  will  require 
large  investments  and  years  ol  research  and  development  before  any  HEL  weapon  system 
can  be  fielded. 

2.2. 1.6  Other. 


In  addition  to  the  applications  discussed  above,  Army  interests  in  laser 
technology  also  include  uses  in  data  processing  (holography),  isotope  physics  (high-speed 
laser  spectrography),  and  materials  technology  (machining,  welding).  A  summary  of 
these  and  other  applications  is  given  in  reference  1  and  Table  2. 

2.2.2  Training  and  Testing  Facilities. 

Army  lasers  are  being  used  at  several  military  installations  throughout  the 
United  States  (see  Table  3).  Activities  vary  from  research  and  testing  ol  new  systems  to 
large  scale  training  exercises  with  fielded  equipment  (MILES,  rangefinders).  All  laser 
ranges  are  designed  in  accordance  with  guidelines  in  AR  385-63‘°  to  limit  wayward 
transmissions  of  laser  radiation. 

Perhaps  most  important  from  an  environmental  viewpoint  is  the  National  High 
Energy  Laser  System  Test  Facility  (HELSTF)  at  WSMR.  This  facility  is  scheduled  to 
become  operational  during  FY83  and  is  specifically  designed  to  test  and  evaluate  high 
energy  laser  systems  within  the  DOD.  Additional  information  about  this  facility  is 
provided  elsewhere, 
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Table  2.  Army  Applications  of  Laser  Technologies 


Field  of  Application 

Laser 

DOD  Systems 

Remote  line-of-site 
meteorology 

Solid-state 

Visibility,  aerosol,  and  wind 
field  measurements 

Chemical/biological  agent/ 
exhaust  detection 

Gas,  semiconductor 

LlOARs 

Advanced  laser  sensors 

Gas,  semiconductor 

Laser  gyros;  acoustic  sensors 

Data  processing 

Semiconductor 

Fourier  transform  via 
integrated  optics/acousto- 
optics  devices/optical 
storage 

Laser  material  preparation 

Solid-state,  gas 

Marking,  cutting,  drilling, 
annealing 

Laser-directed  energy 
weapons 

Chemical,  gas-dynamic 
electron  discharge 

Feasibility  demonstration 

1st  Generation  Systems 

Fire  control  and  weapons 
guidance 

Solid-state 

Rangefinders 

Designators 

2nd  Generation  Systems 

Gas 

Beamriders 

Active  smai  t  sensors 

Laser/ mm  wave  hybrids 

Laser  surveillance/radar 

Gas,  semiconductor 

Passive/active  FL1RS 
3-dimensional  airborne  line 
scanners 

Underwater  detection 

Communication  and 
information  transfer 

Semiconductor 

High  bandwidth  fiber-optics 
communication 

Training  aids 

Semiconductor 

Battlefield  simulation 

Table  3.  Approved  Army  Laser  Ranges* 


Location 

Classification** 

Activity 

Objective 

Ft  Monmouth,  NJ 

1,  O.G 

RAD, 

Picatinny  Arsenal,  Dover,  NJ 

I,  0,  G 

RAO 

Aberdeen  Proving  Ground,  MO 

1, 0.G 

RAO 

Ft  A.P.  HiU,  VA 

O,  G 

RAD 

Ft  Bragg,  NC 

O,  G,  A 

RAD,  r 

Ft  Benning,  GA 

O,  G 

RAD,  T 

Ft  Stewart,  GA 

O,  G,  A 

T 

Redstone  Arsenal,  AL 

t,  O,  G,  A 

RAD,  T 

Ft  Knox,  KY 

O,  G, 

T 

Ft  Campbell,  KY 

O,  G,  A 

T 

Ft  Polk,  LA 

O,  G 

T 

Ft  Riley,  KS 

O,  G 

T 

Ft  Sill,  OK 

O,  G 

RAD 

Ft  Hood,  TX 

O,  G,  A 

RAD,  T 

Ft  Bliss,  TX 

O,  G,  A 

RAD 

Ft  Carson,  CO 

O,  G,  A 

RAD,  T 

White  Sands  Missile  Range,  NM 

1,  O,  G,  A 

RAD 

Ft  Huachuca,  AZ 

O,  G,  A 

RAD 

Yuma  Proving  Ground,  AZ 

O,  G,  A 

RAD 

Ft  Irwin,  CA 

O,  G 

T 

Ft  Hunter  -  Liggett,  CA 

O,  G,  A 

RAD 

Yakima  Firing  Center,  WA 

O,  G,  A 

RAD 

Ft  Lewis,  WA 

O,  G 

T 

•Compiled  from  information  supplied  by  Messrs.  T.  Lyon  and  D.  Sliney,  US  Army 
Environmental  Hygiene  Agency,  Aberdeen  Proving  Ground,  MD  21010 

**!  a  indoor,  O  =  outdoor,  G  =  ground,  A  -  air,  R<5cD  =  Research  and  Development,  T 
Training  j 


2.2.3 


Production. 


The  development,  deployment,  and  disposal  (life  cycle)  of  Army  equipment  and 
weapons  are  governed  by  its  system  of  materiel  acquisition,  as  detailed  in  AR  1000-1 13 
and  other  publications.  *  This  process  varies  somewhat  with  each  system  under 
development  but  is  designed  to  insure  that  items  acquired  by  the  Army  are  thoroughly 
evaluated  before  being  deployed. 

Once  a  system  has  been  type-classifieu  (listed  in  the  Army  inventory), 
production  plans  are  prepared  for  initial  purchases  and,  following  validation  of  initial 
production  runs,  items  are  shipped  to  appropriate  users.  Major  Army  procurement 
actions  entail  a  decision  process,  called  "make- or -buy,"  in  which  commercial  and  military 
production  costs  are  estimated  and  compared.  To  date,  all  type-classified  laser  systems 
have  been  produced  on  contract  by  industry,  and  it  is  likely  that  industrial  (rather  than 
military)  production  resources  will  be  employed  for  future  systems  as  welt. 

2.2.4  Demilitarization  and  Disposal. 


When  Army  equipment  is  no  longer  useful  or  becomes  too  expensive  to  operate 
and  maintain,  it  is  demilitarized  in  accordance  with  established  DOD  procedures,  which 
are  designed  to  salvage  and  recycle  as  many  militarily  unique  materials  as  possible.  5 
Other  materials  are  either  sold  to  industry  or  disposed  of. 


Demilitarization  and  disposal  procedures  for  laser  systems  will  vary  with  the 
design  and  type.  Requirements  for  disposal  of  exempted  military  lasers  (see  2.3)  are 
provided  in  AR  385-9*°  Typically,  metal  and  other  structural  materials  would  be 
incinerated  and  sold  as  scrap.  Chemical  components  (e.g.,  coolants,  dyes)  would  be 
drained  and  incinerated  or  otherwise  appropriately  disposed  of  (see  2.4,  below); 
containerized  gases  and  electrical  components  would  be  salvaged  and/or  recycled  as 
required. 


2.3  Health  and  Safety. 

Laser  products  must  normally  comply  with  Radiation  Safety  Performance 
Standards  of  the  US  Food  and  Drug  Administration  (21  CFR,  part  1040.1,  subchapter  J  - 
Performance  Standards  for  Light-Emitting  Products).  Certain  military  laser  products, 
i.e.,  lasers  designed  for  combat  or  combat  training  operations,  have  i**en  exempted  from 
these  standards  in  some  cases  (FDA  Exemption  No.  76  EL-01  DOD).  These  exempt 
military  laser  products  and  associated  equipment  (e.g,  rangefinders,  target  designators, 
radars,  direct-fire  weapons)  are  subject  to  other  military  regulations  and  standards.* 
Military  lasers  for  noncombat  applications  (e.g.,  surveying,  medical,  general 
communications)  are  subject  to  requirements  of  the  FDA  standard. 

Army  policy  and  procedures  for  control  of  health  hazards  from  lasers  and  other 
high-intensity  opticaJ  sources  are  given  in  AR  40-46.*'  Other  important  guidelines 
include  TB  MED  279**  (assessment  of  laser  health  hazards),  AR  385-63 *®  (range  safety 
protocols),  AR  385-9  (handling  of  military  exempt  lasers)*6  and  Department  of  the  Army 


*A  draft  military  standard,  "Safety  Design  Requirements  for  Military  Lasers  and 
Associated  Equipment,"  has  been  prepared  and  is  awaiting  approval. 
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Materiel  and  Readiness  Command  (DARCOM)  Regulation  (DR)  3S5-29**  (laser  safety 
requirements  at  DARCOM  facilities).  These  regulations  are  summarized  briefly  below 
and  should  be  consulted  for  more  detailed  information. 

The  Surgeon  General,  Department  of  the  Army,  is  responsible  for  evaluation  of 
potential  hazards  to  Army  personnel  from  lasers  and  other  sources  of  optical  radiation. 
This  responsibility  is  discharged  through  the  US  Army  Environmental  Hygiene  Agency* 
which  conducts  comprehensive  surveys  of  lasing  devices  at  Army  facilities  and  reviews 
laser  safety  programs  of  the  major  Army  commands. 

Hazard  controls  for  laser  radiation  depend  on  tlte  type  of  laser  and  its  usage. 
For  example,  lasers  are  classified  by  output  level  into  several  hazard  categories  (see 
Appendix  C),  which  range  from  devices  incapable  of  hazardous  radiation  (Class  I)  to  high 
power  lasers  capable  of  producing  fire  and  skin  hazards  (Class  IV).  in  addition,  protection 
standards  are  specified  in  AR  40-46  for  permissible  exposure  levels  of  ultraviolet  (UV), 
visible,  and  1R  radiation  to  human  eyes  and  skin.  These  standards  are  used  in  turn  to 
design  and  operate  test  ranges  and  other  facilities  where  lasers  are  employed. 

Other  potential  health  and  safety  hazards  will  vary  with  the  type  of  laser  being 
used  and  may  include  exposure  to  excessive  noise;  airborne  contaminates;  toxic, 
flammable,  or  corrosive  chemicals;  electrical  shock;  and  ionizing  radiation  (e.g.,  x- 
rays).  Safety  guidelines  for  these  hazards  are  provided  annually  iiujubiications  of  the 
American  Conference  of  Government  Industrial  Hygienists  (ACGIH),  and  also  in  Army 
System  Safety  Programs,  as  required  by  Military  Standard  882  (Systems  Safety  Program 
Requirements)  to  identify  and  control  hazards  for  specific  laser  products  under 
development. 

2.4  Environmental  Laws  and  Regulations. 

Environmental  laws  and  regulations  are  of  two  types:  (a)  those  requiring 
assessment  of  environmental  impacts  of  specific  programs  or  actions,  and  (b)  those 
requiring  compliance  with  environmental  pollution  standards.  In  addition  to  the  federal 
laws  and  regulations  mentioned  below,  each  state  and  nearly  all  municipalities  have  laws 
or  ordinances  regulating  the  storage  and  transportation  of  hazardous  substances  within 
their  jurisdiction.  Although  laser  radiation  is  an  unlikely  source  of  environmental 
pollution,  per  se,  chemicals  and  facilities  associated  with  the  operation  of  laser  systems 
may  be  affected  by  one  or  more  of  the  statutory  requirements  listed  below.  The  primary 
purpose  of  this  section  is  to  identify  general  features  and  applications  of  those 
environmental  regulations  most  likely  to  influence  lasing  systems  during  their  life 
cycle.  Specific  applications  will  vary  with  individual  items,  and  should  be  addressed 
accordingly. 

2.4.1  National  Environmental  Policy  Act. 

The  National  Environmental  Policy  Act  of  1969  (NEPA)  was  created  by 
Congress  to  establish  a  national  policy  to  protect  the  environment  and  to  minimize 
adverse  environmental  consequences  by  requiring  that  impacts  of  planned  federal  actions 


•Directorate  of  Radiation  and  Environmental  Sciences,  HSE-RL,  Aberdeen  Proving 
Ground,  MO  21010 
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and  alternatives  be  evaluated  before  being  undertaken.  As  currently  implemented,*1  this 
act  is  binding  on  activities  of  all  federal  agencies  except  where  inconsistent  with  other 
statutory  requirements.  Certain  provisions  of  NEPA  are  also  incorporated  into  other 
federal  legislation,  including  the  National  Historic  Preservation  Act  of  1966  and  the 
Endangered  Species  Act  of  1973. 

Army  policy  in  NEPA  matters  is  provided  in  AR  200-2,*  which  establishes 
responsibilities  and  procedures  for  integration  of  environmental  considerations  into  Army 
planning  and  decision  making.  Among  these  responsibilities  are  the  identification  and 
analysis  of  environmental  risks  for  proposed  actions  and  their  most  iikely  alternatives. 
The  policy  of  DARCOM  requires  environmental  analysis  and  documentation  for  ail  items 
(including  lasing  devices)  being  developed  unjJ^r  its  program/project/production  managers 
and  research  and  development  commands/  In  addition,  site-specific  environmental 
documentation  may  be  required  for  training  and  other  exercises  in  which  lasers  are 
involved. 


2.4.2  Resource  Conservation  and  Recovery  Act. 

The  Resource  Conservation  and  Recovery  Act  of  1976  (RCRA)  established  a 
national  program  for  management  of  waste,  including  hazardous  waste  (40  CFR  parts 
260-65;  267).  Wastes  are  defined  by  RCRA  as  "hazardous"  if  specifically  listed  by 
regulation  or  if  exhibiting  any  one  of  the  characteristics  of  reactivity,  corrosivity, 
ignitabidty,  or  toxicity  (as  defined  in  40  CFR,  261.2).  The  present  Environmental 
Protection  Agency  (EPA)  list  includes  approximately  400  chemicals  and  £5  process 
wastes.  State  regulations  may  also  impose  requirements  not  present  in  federal 
regulations. 

Under  the  RCRA,  the  generator  of  waste  must  determine  whether  or  not  it  is 
hazardous.  If  found  to  be  hazardous,  the  waste  is  then  subject  to  comprehensive  "cradle 
to  grave"  record  keeping  requirements,  including  a  manifest  system  to  track  and 
document  the  generation,  transportation,  and  ultimate  disposal  of  the  material  in  a 
permitted  facility  for  the  management  of  hazardous  waste.  It  should  be  emphasized  tliat 
substances  are  not  classified  by  RCRA  as  wastes  until  they  are  ready  to  be  discarded. 
The  regulations  do  not  apply  to  the  reuse,  recycling,  or  reclamation  of  hazardous  wastes, 
except  that  hazardous  waste  sludges  and  listed  hazardous  wastes  are  subject  to  certain 
requirements  respecting  transportation  and  storage  (40  CFR  261.6). 

Substances  identified  by  the  EPA  under  the  RCRA  as  "acute  hazardous"  and 
"toxic"  wastes  are  listed  in  40  CFR,  part  261.33.  Other  s'JDStances,  i.e.,  liquid  dyes,  may 
qualify  as  a  hazardous  waste  by  exhibiting  one  or  more  of  the  characteristics  described 
above  (see  3.2.1). 

2.4.3  Toxic  Substance  Control  Act. 


The  Toxic  Substance  Control  Act  of  1976  (T5CA)  addresses  the  manufacture, 
importation,  distribution,  and  use  of  chemical  substances.  As  implemented  by  40  CFR, 
parts  704-710,  this  act  authorizes  the  EPA  to  inventory  commercial  chemicals  and,  for 
chemicals  listed  after  31  December  1979,  to  require  sufficient  data  to  estimate  health 
and  environmental  hazards  of  production  and  use. 

The  reporting  and  testing  requirements  of  the  TSCA  will  only  affect  Army 
laser  programs  if  chemical  substances  used  for  laser  research  are  unlisted  on  the  revised 
1979  TSCA  inventory  (45  FR  505444,  29  July  1980)  and/or  are  imported  or  produced 
primarily  by  the  Army  for  its  purposes. 
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The  Clean  Air  Act  of  1963  (CAA)  was  created  because  of  public  concern  over 
health  problems  associated  with  air  pollution.  As  currently  implemented  (40  CFR,  parts 
30-52),  the  CAA  authorizes  a  comprehensive  regulatory  program  to  achieve  'pecific 
National  Ambient  Air  Quality  Standards  (NAAQS).  The  EPA  has  promulgated  NAAQS  for 
certain  pollutants,  including  sulfur  dioxide  (SO?),  total  suspended  particulates, 
photochemical  oxidants,  carbon  monoxide  (CO),  nitrogen  dioxide  (N02),  and 
hydrocarbons.  These  standards  define  the  quality  of  air  that  must  be  achieved  and 
maintained  to  prevent  adverse  effects  to  national  air  resources  and  were  prepared 
specifically  to  protect  human  health  and  the  quality  of  the  environment.  It  is  recognized 
that  adverse  effects  can  occur  from  brief  exposures  to  high  levels  of  pollution,  or  from 
long-term  exposures  to  lower  levels  of  pollution.  Consequently,  most  NAAQS  specify 
two  types  of  limitations  -  long-term  standards  which  cannot  be  exceeded  on  an  annual 
average  and  short-term  exposures  which  cannot  be  exceeded  for  brief  periods  (e.g.,  3 
hours  and/or  24  hours). 

Under  the  CAA,  the  country  is  divided  into  247  air  quality  control  regions 
(AQCRs)  to  provide  basic  geographical  units  for  air  pollution  control.  States  are  required 
to  prepare  State  Implementation  Plans  to  implement  and  enforce  criteria  pollutant 
standards  in  those  regions.  State  standards  are  often  more  stringent  than  federal 
standards  and  vary  from  one  AQCR  to  another. 

Among  Army  lasers,  only  certain  HEL  systems,  particularly  HF/DF  chemical 
laser  designs,  are  potential  sources  of  significant  air  pollution.  The  significance  of  air 
emissions  from  these  sources  would  be  influenced,  however,  by  several  factors,  including 
geographic  location,  activity,  and  design  of  the  lasing  devices  (see  3.2.1). 

2-***5  Other  Federal  Regulations  Governing  Release  of  Hazardous  Substances  into 
the  Environment.  - 


Policies  and  procedures  for  control  of  discharges  of  oil  and  hazardous 
substances  into  the  environment  are  detailed  in  the  Federal  Water  Pollution  Control  Act 
of  1972  (FWPCA)  as  implemented2  and  the  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  of  1980  (CERCLA).24  Section  311  of  the  FWPCA 
describes  requirements  for  handling  spills  of  oil  ana  hazardous  substances.  A  "spill"  is 
defined  as  the  release  or  discharge  of  regulated  pollutants  not  covered  by  permit  by 
pumping,  pouring,  emitting,  emptying,  leaking,  or  dumping.  The  EPA  has  promulgated 
regulations  under  the  FWPCA  which  identify  and  establish  reporting  requirements  for 
approximately  270  hazardous  substances.  Reporting  requirements  are  based  on  harmful 
quantities  as  defined  by  the  regulation. 

The  CERCLA  establishes  reporting  requirements  for  the  release  of  hazardous 
substances  into  the  environment,  including  land,  air,  and  water  when  release  occurs  in 
amounts  equal  to  or  greater  than  the  reportable  quantity.  As  defined  by  the  CERCLA,  a 
hazardous  substance  is  any  substance  designated  or  listed  in  the  FWPCA,  Sections  307 
and  311;  the  RCRA,  Section  3001;  the  CAA,  Section  112;  and  the  TSCA,  Section  7. 
’Reportable  quantities"  for  any  of  these  substances  is  one  pound,  unless  otherwise 
specified  in  Section  311  of  the  FWPCA. 
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2.4.6  Transportation  of  Hazardous  Materials. 

The  US  Department  of  Transportation  is  required  by  federal  law  to  formulate 
regulations  for  safe  transportation  of  hazardous  materials,  poisonous  substances, 
explosives,  and  other  dangerous  articles  (49  CFR,  parts  171-177).  These  regulations  bind 
all  carriers  engaged  in  the  transport  of  the  above  mentioned  hazardous  material  and  are 
in  accordance  with  the  best  known  practices  for  assuring  safety  in  transit.  Of  particular 
importance  is  part  172  of  these  regulations  which  lists  hundreds  of  materials  by  hazard 
class  (e.g.,  "flammable,"  "corrosive")  with  guidelines  for  safe  packaging  and  shipping. 
Additional  guidance  is  provided  elsewhere.  5 

2.4.7  Military  Installations. 

Policies  and  procedures  for  environmental  protection  of  Army  installations  are 
provided  in  AR  200-!,  "Environmental  Protection  ana  Enhancement."  This  regulation 
describes  Army  environmental  management  objectives  in  several  important  areas, 
including  air  pollution  and  water  resources,  solid  and  hazardous  wastes,  toxic  and 
hazardous  materials,  noise  abatement,  and  contingency  plans  for  spills  of  oil  and 
hazardous  substances.  Additional  guidelines  are  provided  in  respective  supplements  to 
this  regulation  from  MACOMs  and  installations. 

Requirements  for  shipment  and  storage  of  military  items  and  hazardous 
materials  are  provided  in  other  Army  regulations. 

3.  POTENTIAL  ENVIRONMENTAL  IMPACTS 

3.1  Laser  Radiation. 

3.1.1  Biological  Effects. 

Light  interacts  with  living  matter  in  many  ways  and  is  the  environmental 
component  of  the  biological  phenomena  of  vision,  photosynthesis,  and  pho toper iodism 
(the  cyclical  response  of  animals  and  plants  to  day  length  and  darkness).  These  important 
life  processes  ultimately  depend  upon  interactions  of  light  with  specific  pigments  and  are 
functions  of  wavelength,  intensity,  and  duration  of  exposure.  0 

Adverse  effects  of  laser  light  are  known,  or  assumed,  to  be  similar  to  those  of 
other  sources  of  optical  radiation.  It  should  be  noted,  however,  that  knowledge  of  laser 
effects  in  biological  systems  is  based  largely  on  experiments  with  laboratory  mammals 
(primarily  rodents,  rabbits,  and  primates)  to  establish  exposure  thresholds  for  safety  of 
human  eyes  and  skin  in  industrial  and  military  settings.  Effects  of  laser  radiation  on 
other  vertebrate  species,  invertebrates,  plants,  and  microorganisms  are  largely  unstudied 
and  must  be  inferred  from  available  evidence  of  biological  interactions  with  other 
sources  of  optical  radiation. 

3.1.1  Terminology, 

An  understanding  of  certain  photometric  and  radiometric  terms  is  helpful  when 
discussing  biological  exposures  to  optical  radiation*®*’*  (see  also  Appendix  13). 
Photometric  units  (e.g.,  lumens,  candelas,  lux)  are  weighted  to  the  spectral  response  of 
the  human  eye.  Because  human  vision  is  insensative  to  most  UV  and  1R  radiation, 
photometric  units  are  unsuitable  to  address  biological  hazards  from  exposures  to  these 
wavelengths. 


'  \ 


Radiometric  terminology,  on  the  other  hand,  is  expressed  in  physical  units. 
Among  the  most  commonly  used  terms  for  laser  exposures  are  radiant  power,  radiant 
energy,  radiance,  irradiance,  and  radiant  exposure.  Radiant  power  (or  radiant  flux)  and 
radiant  energy  are  used  to  specify  strengths  of  continuous  (in  watts)  or  pulsed  (in  joules) 
optical  sources,  respectively.  Radiance  is  essentially  a  measure  of  brightness.  To 
describe  the  radiance  of  a  source,  it  is  necessary  to  know  both  the  concentration  of  light 
reaching  the  eye  (in  watts-per-square-centimeter  (w/cm2))  and  the  solid-aogle  in  space 
from  which  it  arrives.  Radiance  is  used  to  discuss  effects  of  light  focused  at  an  image 
plane  and  thus  is  useful  to  describe  retinal  hazards.* 

Irradiance  and  radiant  exposure  are  used  to  describe  radiant  power  arriving  at 
a  surface  (as  opposed  to  leaving  a  source).  Irradiance  exposure  rates  are  typically  in 
watts  (milliwatts,  microwatts)  pcr-square-centimeter  (w/cm2).  Radiant  exposure,  the 
product  of  average  irradiance  and  exposure  duration  (in  seconds),  is  a  measure  of  total 
dose,  or  accumulated  exposure,  and  is  typically  expressed  in  joules  (millijoules,  etc.)  per- 
square-centimeter  (j/cm2). 

3.1. 1.2  Animals. 


Mechanisms  of  laser  injury  to  animal  tissues  are  not  fully  understood,  but  can 
be  classified  generally  as  either  photochemical  or  thermal  in  nature.'1  Photochemical 
injury  is  associated  with  UV  and  short-wavelength  visible  (i.e.,  blue-green)  radiation 
(where  photon  energies  are  greatest)  and  can  occur  at  low  irradiances  delivered  over 
extended  periods  of  time.  Radiant  exposure  levels  for  photochemical  injury  are  typically 
constant  for  exposure  durations  ranging  from  microseconds  to  hours  ("reciprocity"). 
Thermal  injury  will  generally  occur  only  after  momentary  (as  opposed  to  prolonged) 
exposure  to  pulsed  lasers  and  can  involve  !R  and  radiation  of  shorter  wavelengths. 
Radiant  exposure  levels  for  thermal  injury  are  not  "reciprocal"  and  are  influenced  by 
several  factors,  including  tissue  capacity  to  conduct  heat.  Specific  effects  of  optical 
radiation  to  eyes  and  skin  are  discussed  briefly,  below  and  jn  Appendix  C.  More  detailed 
information  can  be  found  in  other  references.  ,32, 33,34,35 

Eyes  -  The  eye  is  the  organ  of  vision  and  is  structured  to  focus  light  onto  visual 
pigments  as  images,  which  are  transmitted  and  interpreted  by  neural  pathways  of  the 
brain.  Because  of  its  capacity  to  focus  incident  light  (optical  gain  of  up  to  100,000x  for 
point  sources),  the  eye  is  the  most  sensitive  of  animal  structures  to  injury  by  laser 
radiation. 18,36,37 


Optical  radiation  is  absorbed  differentially  by  wavelength  as  it  passes  through 
the  eye.  For  example,  most  high  energy  radiation  (e.g.,  x-ray,  gamma  ray)  passes 
completely  through  ocular  tissues  with  little  absorption.  Short  UV  (UV-B,  C)  and  far  IR 
(1R-B,  C)  are  absorbed  principally  at  the  cornea  and  lens.  Visible  and  near  IR  (IR-A) 
radiation  is  refracted  at  the  cornea  and  lens  and  absorbed  in  the  ocular  media  (IR-A)  and 
at  the  retina.  8,36  It  should  be  noted  that  the  retinal  photoreceptor  rod  cells  most 
responsible  for  human  night  vision  (scotopic  vision)  are  more  sensitive  to  shorter  visible 


•For  example,  laser  light  with  a  radiant  power  of  I  microwatt  will  produce  a  brightness 
within  the  eye  that  is  much  greater  than  that  of  a  milliwatt  beam  (1000  times  more 
power)  from  a  conventional  (e.g.,  diffuse)  light  source.  The  high  radiance  of  laser  light 
is  the  reason  for  its  potential  as  an  ocular  hazard. 
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wavelengths  (peak  sensitivity  at  JOO  nm)  than  the  daylight-sensitive  (photopic)  core  cell* 
(peak  sensitivity  at  550  nm).3*'38  j 

Potential  eye  injuries  from  laser  radiation  are  summarized  in  Figure  2  as  a 
function  of  wavelength.  Injury  will  vary  witii  the  duration  and  intensity  of  exposure  from 
mild  discomfort  to  permanent  impairment.  ,3°’3'  For  example,  thresholds  for  corneal 
injury  from  far  IR  (e.g.,  CO2  laser)  radiation  have  been  observed  to  increase  by  almost  a 
factor  of  10  (from  0.2  to  1.5  3  per  cm2)  with  increased  durations  of  exposure  (from 
milliseconds  to  seconds).  The  human  blink  reflex  offers  protection  from  such  challenges, 
especially  at  visible  wavelengths,  but  requires  about  0.2  second  to  occur.  Risks  of  eye 
injury  are  greatest,  therefore,  for  lasers  (e.g..  nulsed  lasers)  that  are  able  to  exceed 
injury  thresholds  within  this  exposure  period. I7>32*40 

Present  eye  safety  standards  are  based  largely  on  observed  changes  to  ocular 
structures  following  acute  exposures  to  laser  radiation  (see  Appendix  C).  Potential 
hazards  of  chronic  exposure,  particularly  from  IR  wavelengths,  are  less  well 
known.  '  Recent  work,  however,  suggests  that  primate  vision  may  be  altered 
following  prolonged  low  level  exposures  to  visible  laser  light  above  500  nm.4I»42  These 
effects  may  be  related  to  coherent  properties  of  laser  light  and  have  been  observed  at 
retinal  irr^iances  below  those  for  incoherent  monochromatic  light  under  similar 
conditions.  '  Otlier  findings  indicate  wavelength  dependence  of  the  retinal  response 
to  exposures  in  the  near  IR,  heretofore  unanticipated,  which  suggests  that  current 
exposure  guidelines  in  this  spectral  region  may  have  to  be  reappraised?*5 

Risk  of  ocular  injury  is  greatest  for  humans  and  other  animal  species  when 
laser  light  of  visible  or  near  IR  wavelengths  is  focused  onto  tlie  sensory  retina.  In 
humans  and  other  primates  a  structure,  the  fovea,  is  comprised  of  concentrated 
photoreceptor  cells  for  enhanced  visual  activity  and  perception  of  color.46  Foveae  or 
structures  with  similar  functions  have  been  identified  in  other  vertebrate  classes, 
including  many  fish,  reptiles,  and  birds,  particularly  birds  of  prey.47  Other  nonprimate 
ocular  structures  may  also  influence  risks  of  injury  from  !aser  exposures.  One  such 
adaptation,  the  tapetum  lucidum,  occurs  in  eyes  of  many  nocturnal  species  and 
apparently  improves  vision  in  dim  illumination  by  reflecting  incident  light  more 
efficiently  onto  visual  receptor  cells.38  Other  adaptations  enable  eyes  of  certain 
vertebrates  to  gather  more  light  at  greater  angles  of  incidence  than  primate  eyes, 
vertebrate  retinal  pigments  have  adapted  to  different  wavelengths  within  the  "visible’' 
spectrum,  but  not,  apparently,  to  wavelengths  significantly  beyond  primate  eye 
limitations  in  the  UV  and  IR  region.  In  contrast,  invertebrate  vision,  particularly 
among  terrestrial  arthropods,  is  generally  more  sensitive  to  UV  (UY-C)  and  less  sensitive 
to  longer  wavelengths  (e.g.,  beyond  600  nm)  than  vertebrate  eyes.  »4°  Considered  alone 
and  in  the  absence  of  experimental  data,  these  phenomena  and  their  relationships  to  laser 
exposure  hazards  are  difficult,  if  not  impossible,  to  assess  accuraf  ly  for  other  animal 
species.  Until  such  assessments  are  available,  it  seems  prudent  >  •  vi...  *e  all  potential 
ocular  hazards  from  laser  radiation  in  animals  in  terms  of  standarus  for  human  exposure. 

_ ”  Skin  both  protects  and  helps  mediate  responses  to  environmental 
challenge  (t.g.,  extremes  of  temperature,  radiation,  moisture,  physical  and  chemical 
trauma).  It  is  composed  of  two  layers,  an  outer  stratified  nonvascular  epidermis  and 
an  inner  dermis,  or  corium,  of  vascular  and  connective  tissues.  In  addition  to  the 
functions  mentioned  above,  dermal  tissues  are  the  source  of  various  structures  (hair, 
feathers,  scales,  horns,  nails,  glands)  which  are  responsible  for  animal  appearance  and 
odor,  and  thus  of  sensory  cues  which  underlie  many  important  intra  -  and  interspecific 
behavioral  traits. 
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Although  nonthermal  skin  reactions  (e.g.,  blistering,  sunburn)  are  possible  from 
short  UV  (UV-B,  C)  radiation,  most  laser-induced  skin  injury  is  believed  to  involve 
thermal  responses  to  wavelengths  longer  than  315  nm.  Mechanisms  of  thermal 

injury  depend  largely  on  the  duration  and  area  of  exposure  and  on  the  capacity  of  the 
body  to  withstand  thermal  stress.  Thermal  injury  can  also  be  studied  as  a  function  of 
irradiance  or  radiant  exposure  levels  from  a  powerful  light  source.  Skin  injuries  from 
such  exposures  are  termed  "flash  burns,"  and  can  occur  following  even  momentary 
exposures  to  focused  high-power  carbon  and  xenon  arcs,  or  to  certain  CW  lasers.  For 
example,  irradiances  from  carbon-arc  (white  light)  exposures  of  0.5  s  to  2  cm2  patches  of 
skin  were  shown  to  cause  first-degree  burni(miid  reddening  or  erythema)  at  12  w/cm  , 
second-degree  burns  (blistering)  at  24  w/cm  ,  and  third-degree  burns  (destruction  of  the 
epidermis)  at  34  w/cm  For  smaller  areas  of  skin,  heat  would  be  more  effectively 
conducted  by  irradiated  tissues,  and  thus  greater  irradiances  would  be  required  for 
similar  levels  of  thermal  injury.  Likewise,  lower  exposure  levels  would  be  required  if 
larger  body  areas  were  irradiated.  2 

Effects  of  exposure  duration  on  first-degree  thresholds  for  thermal  injury  are 
shown  in  Figure  3  for  several  irradiances  of  IR  (CO2)  laser  and  white  light.  The  lower 
injury  thresholds  for  far  IR  laser  radiation  depend  in  part  on  the  capacity  of  the  skin  to 
absorb  and  reflect  incident  radiation  of  different  wavelengths.  Figure  4  illustrates 
typical  reflectances  of  darkly  and  lightly  pigmented  human  skin.  Note  in  each  case  the 
low  reflectance  (high  absorbance)  at  UV  and  far  IR  wavelengths.  It  can  be  seen  in  Figure 
2  that  visible  and  near  IR  wavelengths  are  absorbed  deeper  into  dermal  tissues  than  IR 
wavelengths  (e.g.,  beyond  2  u  m).  Thus,  risks  of  thermal  injury  are  likely  to  be  greater 
for  exposures  to  far  IR  wavelengths,  which  transfer  more  heat  energy  to  smaller  masses 
of  tissue,  than  to  shorter  wavelengths  of  the  optical  spectrum. 


Sensations  of  heat  and  pain  are  also  related  to  dermal  injury  thresholds,  both 
functions  of  temperature.  Persistent  pain  in  humans  is  elicited  at  skin 
jres  above  45°C,  a  temperature  tolerated  without  tissue  injury  for  several 
seconds.1*"  Thus,  injury  can  sometimes  be  avoided  if  exposed  areas  are  quickly  removed 


being 

temperatyr 
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or  shielded  from  the  source  of  radiation.  Escape  responses  of  this  nature  are  more  likely 
to  occur  following  exposure  to  CW  lasing  sources.  Exposures  to  high  energy  laser  pulses 
of  short  (e.g.,  nanosecond  or  picosecond)  duration  will  tend  to  damage  cells  by 
nonthermal  mechanisms  (before  thermal  equilibria  are  reached)  so  that  injury  may 
already  have  occured  when  pain  is  first  experienced.  This  is  particularly  true  of  far  IR 
radiation,  which  is  less  readily  perceived  as  pain  than  shorter  wavelengths. 


Potential  dermal  hazards  to  other  animals  will  vary  with  the  reflectance  and 
heat  absorption  profiles  of  their  respective  dermal  tissues.  When  the  skin  of  animals  is 
covered  by  fir,  feathers,  scales,  and  other  structures,  absorption  profiles  are  likely  to 
vary  signficantly  from  those  of  human  skin,  but  because  these  dermal  derivatives  have 
typically  lower  water  contents  than  living  skin,  they  would  probably  absorb  and  conduct 
heat  more  efficiently  to  living  dermal  tissues. 


3.1. 1.3  Plants. 


Plants  are  subjected  daily  to  electromagnetic  radiation  over  the  entire 
frequency  spectrum.  The  most  impot  tanc  wavelengths  for  plant  growth  and  stress, 
however,  are  found  in  the  spectral  region  from  mid  UV  (UV-B)  to  the  near  IR.  Effects  of 
mid  and  far  IR  (IR-B,  C)  radiation  are  essentially  thermal,  much  like  those  described 
previously  for  animal  systems,  and  will  result  in  burns  or  water  stress  depending  upon 
incident  irradiances  and  areas  exposed. 
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Figure  3.  Irradiance  Thresholds  for  First  Degree  Thermal  Injury 
to  Pig  Skin  from  Infrared  ( CO^ )  Laser  and  White  Light 
(Modified  after  Sliney  and  Wolbarsht32) 
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Reflectances  of  Human  Skin  to  Optical  Radiation  (after  Sliney  and  Vtolbarsht32) 


What  follows  Is  a  brief  discussion  after  Skelly  et  al.5*  on  responses  of  higher 
plants  to  relation.  Other  sources  should  be  consulted  for  additional 


Visible  Radiation  -  Visible  radiation  (400-700  nm),  commonly  referred  to  as 
photosynthetically  active  radiation  (PAR)  is  essential  for  the  formation  of  chlorophyll 
and  is  the  source  of  energy  to  convert  carbon  dioxide,  water,  and  minerals  into 
carbohydrates  and  other  plant  nutrients.  In  addition,  PAR  also  influences  plant 
respiration  and  stomatal  phototropic  responses.  Radiation  in  the  red  through  near  IR 
spectral  regions  influences  vegetative  growth  and  reproductive  development  in  many 
species55’5®  (see  Figure  5). 


High  irradiance  from  sunlight  or  other  sources  can  injure  photoreceptor 
systems  in  plants  and  cause  photooxidatiqfi  and  photoinactivation  of  important  cellular 
metabolites,  pigments,  and/or  enzymes.  »52 


Plant  species  vary  widely  in  adaptations  to  PAR,*  species  in  desert 
environments  receiving  up  to  several  hundred  times  more  solar  radiation  (quantum  flux) 
than  those  at  the  floor  of  mature  tropical  forests.  Shade  plants,  those  adapted  to  growth 
in  dim  illumination,  are  able  to  use  low  irradiances  much  more  efficiently  than  sun  plants 
for  photosynthesis  and  growth.  They  are  incapable  of  high  photosynthesis  at  high 
irradiances  and  are  much  more  susceptible  to  irradiation  stresses  (e.g.,  drought  injury, 
sun  scald)  at  such  levels. 

Ultraviolet  Radiation  -  Many  cellular  constituents  absorb  UV  radiation  in  the 
250-400  nm  spectral  region,  which  if  great  enough  can  result  in  several  types  of 
environmental  stress.  At  northern  latitudes,  most  UV  radiation  below  about  290  nm  is 
absorbed  by  the  eartWr,  atmosphere.  This  is  fortunate  because  UV-C  radiation  is 
particularly  damaging  to  nucleic  acids  (peak  absorbtion  at  265  nm)  and  has  been  shown  to 
inhibit  .cell  division  and  growth  and  to  cause  a  number  of  pathologies  to  plant 
tissues.51*5^*59*60  UV  absorption  spectra  of  common  plant  chromophores  are  shown  in 
Figure  6.  Among  the  most  common  physiological  disorders  influenced  by  ambient  UV 
radiation  is  sun  scald,  characterized  by  red  or  brown  pigmentation  of  stems,  leaves,and 
fruits,  and  sometimes  by  local  necrosis  and  death  of  exposed  tissues.  Abnormal  seedling 
growth  was  observed  for  several  agriculturally  important  plant  species  exposed  to  UV-B 
radiation.  1  UV-B  irradiation  also  elicited  reciprocity-type  abnormal  responses  (e.g., 
impairment  of  plant  leaf  photosynthesis)  for  up  to  45  days  following  exposures.  *  Other 
disorders  include  various  sunburn  and  sun  bleach  lesions  of  plant  species  ranging  from  red 
clover  to  Englemann  Spruce.51  The  severity  of  these  disorders  will  vary  with  a  number 
of  other  environmental  factors,  including  extreme  temperatures,  temperature 
fluctuations,  and  water  stress. 


Plants  have  evolved  different  protective  mechanisms  to  potentially  harmful 
radiation.  For  example,  most  plants  can  reflect  or  else  absorb  much  incident  UV 


♦The  solar  constant,  defined  as  the  "flux  of  solar  radiation  across  a  unit  area  oriented 
normal  to  tte  solar  beam  at  the  mean  sun-earth  distance"  equals  ca  1.94 
calories/crrr/minute.  Of  this  total,  approximately  one-half  (52  percent)  is  at  IR 
wavelengths  longer  than  700  nm,  and  4  percen.  is  at  UV  wavelengths,  leaving  ca  44 
percent,  0.6  calories/cnrr/minute,  for  photo  optic  functions.52 


28 


Ultraviolet  Absorbances  of  Some  Common  Chromophores  in  Plant, 
(after  Caldwell^) 


radiation  in  epidermal  tissues  of  leaves  and  stems,  thus  protecting  more  sensitive 
underlying  tissues.*1’"  Other  physiological  responses  help  repair  photochemical  injury 
from  intense  UV-A  and  visible  radiation.  ONA  Dhotoreactivation  has  also  been 
demonstrated  in  several  plants  and  microorganisms51’56 

To  summarize,  excesses  or  deficiencies  of  solar  irradiance  may  stress  plants  by 
influencing  rates  of  photosynthesis  and  other  metabolic  properties  associated  with  plant 
growth  and  reproduction.  Ecological  impacts  of  such  influences  are  difficult  to 
interpret,  especially  at  UV  wavelengths  where  ambient  exposures  vary  by  up  to  20 
percent  during  normal  11-year  solar  cycles. 

Potential  effects  of  laser  irradiation  are  virtually  unknown  for  most  plant 
photooptic  responses.  It  is  possible  that  coherent  laser  light  may  elicit  physiological 
responses  at  lower  exposures  than  incoherent  light  of  the  same  wavelength  (see  3. 1.1.2) 
for  similar  relationships  on  animal  vision).  Much  information  is  needed,  however, 
regarding  threshold  responses  (both  beneficial  and  injurious)  of  plant  tissues  to  laser 
light,  particularly  from  high  energy  rapidly  pulsed  sources. 

3.1. 1.4  Other  Effects. 

Evidence  of  inhibitcy-y  effects  of  solar  UV  radiation  on  bacteria  and  other 
microorganisms  is  widespread.  r?62  These  effects,  which  range  from  increased  rates  of 
mutation  to  decreased  growth  and  viability,  are  caused  chiefly  by  near  UV  radiation  (300- 
3S0  nm),  wavelengths  below  about  310  nm  being  most  lethal.5*  Several  photodynamic 
diseases  of  animals  (i.e.,  skin  cancers)  have  been  attributed  to  long-term  exposures  to  UV 
radiation;63  relationships,  if  any,  of  UV  laser  light  to  these  conditions  again  are  unknown. 

3.1.2  Propagation  in  the  Atmosphere. 


When  a  lasing  source  emits  radiation  in  a  vacuum,  the  irradiance  at  any 
distance  from  the  source  is  calculated  according  to  the  inverse  square  law.  However, 
when  emitted  through  a  gaseous  medium  like  the  earth's  atmosphere,  laser  energy  is 
modified  by  absorption,  turbulence,  and  other  phenomena.  This  section  provides  a  brief 
description  of  the  atmospheric  factors  most  likely  to  influence  transmission  of  laser 
radiation.  Mathematical  treatment  of  atmospheric  transmittance  of  laser  and  other 
optical  radiation  is  available  from  several  sources6**’65’66  that  should  be  consulted  for 
further  information. 


3.1.2.1  Scattering  and  Absorbtion. 


Scattering  is  defined  as  the  deflection  of  light  energy  from  the  beam  path  and 
can  result  from  laser  interactions  with  air  molecules  (Rayleigh  scattering),  or  with 
suspended  particulates  and  aerosols  like  dust,  smoke,  or  water  droplets  (Mie  scattering). 
Absorption  is  defined  as  the  transfer  of  energy  from  a  beam  to  the  molecules  and 
particles  in  its  path.  Molecular  absorption  occurs  only  at  certain  wavelengths 
characteristic  of  the  molecule's  atomic  structure.  Molecular  absorption  and  Raleigh 
scattering  are  influenced  largely  by  atmospheric  water  vapor  (H2O),  carbon  dioxide 
(CO^),  and  ozone  (O3)  and  tend  to  be  greatest  at  UV  and  certain  1R  wavelengths. 
Particulate  absorption  and  Mie  scattering  depend  on  the  density  and  size  distribution  of 
atmospheric  aerosols  (typically  from  0.1  to  1.0  micron  in  diameter),  and  are  important 
determinants  of  laser  propagation  in  the  visible  and  near  1R  spectral  region. 
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The  net  effect  of  scattering  and  absorption  phenomena  on  transmission  of  laser 
light  will  vary  with  wavelength  and  intensity  of  the  lasing  source,  pathlength, 
temperature,  pressure,  humidity,  and  composition  of  the  local  atmosphere.  Figure  7 
illustrates  scattering  losses  (as  percent  attenuation  per  kilometer  at  sea  level)  for 
various  atmospheric  conditions.  It  is  dear  from  this  figure,  which  neglects  absorption  by 
water  vapor  and  carbon  dioxide,  that  particular  scattering  will  limit  transmission  of  short 
wavelengths  much  more  effectively  than  long  wavelengths.  It  has  also  been  shown  that 
scattering  by  water  droplets  (rain,  iog,  snow)  is  independent  of  wavelength  in  the  visible 
to  far  1R  region  of  the  spectrum.  7  In  Figure  8  scattering  and  absorption  effects  are 
included  to  show  atmospheric  transmission  of  light  at  visible  and  1R  wavelengths  under 
realistic  conditions.*  The  various  water  and  carbon  dioxide  absorption  bands  in  this 
spectral  region  are  denoted  as  areas  of  transmission  (shaded)  and  attenuation  (white). 
The  absence  of  atmospheric  attenuation  of  (R  wavelengths  at  3.3  to  kA  m  and  8.3  m  and 
above  suggests  that  laser  emissions  in  these  regions  may  be  effidently  transmitted. 

3. 1.2.2  Turbulence. 


The  atmosphere  is  composed  of  moving  masses  of  air,  the  result  of  nonuniform 
solar  heating  of  ground,  water,  and  air.  The  resulting  atmospheric  turbulences,  or  winds, 
can  vary  locally,  but  tend  to  be  greatest  from  late  afternoon  to  early  evening  when 
surface  heat  is  most  actively  transferred  to  the  atmosphere.  Likewise,  turbulence  is 
often  lowest  at  dawn  when  surface  and  air  temperatures  are  near  equilibrium. 

Turbulence  can  modify  the  refractive  index  of  air**  by  creating  local  air 
pockets  of  variable  temperature  and  density.  This,  in  turn,  influences  the  degree  and 
direction  of  bending  (refraction)  that  can  occur  as  a  light  beam  passes  through  the  air 
mass,  the  amount  and  direction  of  refraction  depending  on  the  wavelength  of  light, 
refractive  index  of  the  medium,  and  the  angle  at  which  the  light  strikes  the  medium.  As 
a  result,  the  distribution  of  energy  within  a  laser  beam  can  become  less  uniform  and, 
therefore,  less  predictable.  7,32 

3.1.2.3  Reflections. 


As  light  passes  from  one  medium  to  another  (e.g.,  air  to  water)  photons  are 
reflected  and/or  transmitted  at  media  interfaces  according  to  respective  properties  of 
the  media,  wavelength  of  the  light  beam,  and  the  angle  at  which  the  incident  light 
contacts  the  surface  of  the  new  medium.  Other  factors,  inciuduig  polarization  of  the 
incident  radiation,  will  also  influence  transmission  and  reflection. 

Reflection  phenomena  are  best  discussed  in  terms  of  diffuse  and  specular 
surfaces.  A  diffuse,  or  opaque,  surface  is  composed  of  randomly  oriented  irregular 
components  much  larger  than  incident  light  wavelengths.  The  resulting  reflection  occurs 
over  a  wide  variety  of  angles  and  will  dissipate  the  energy  of  the  light  source.  In 
contrast,  specular  surfaces  are  mirror-like,  being  composed  of  imperfections  much 


•Data  was  gathered  over  a  300-m  horizontal  path  near  Chesapeake  Bay,  meterological 
conditions  unspecified 

••Refraction  phenomena  are  responsible  for  the  "shimmering"  of  images  above  hot 
terrain  as  heat  rising  from  the  ground  disturbs  the  cooler  air  above  it. 
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Attenuation  of  Optical  Radiation  at  Sea  Level  for  Different 
Atmospheric  Conditions  (Modified  after  RCA, 

Electro-optics  Handbook*^) 
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smaller  than  the  wavelength  of  incident  light  (e.g.,  a  polished  surface).  If  the  specular 
surface  is  flat,  characteristics  of  incident  and  reflected  beams  are  essentially  identical. 

to  the  uniformity  and 


If  curved,  then  reflected  intensities  will  decrease  according 
curvature  of  the  surface.  7,32 


Most  surfaces  in  nature  are  diffuse  and  therefore  unable  to  reflect  incident 
coherent  radiation  efficiently.  Some  surfaces,  however,  may  behave  as  specular  or 
semispecular  reflectors.  For  example,  naturally  specular  surfaces  generally  have  a  small 
radius  of  curvature  (e.g.,  water  droplets,  leaves)  such  that  hazardous  reflection  levels 
exist  only  near  the  reflector.  Still  ponds  and  flat  plate  glass  are  likeliest  to  produce 
hazardous  reflections  at  a  distance.  It  should  be  noted  that  the  potential  for  specular 
reflection  increases  with  wavelength,  so  that  for  far  IR  laser  wavelengths  (e.g.,  a  10.6-m 
CO2  laser),  even  dull  metal  and  metai-like  surfaces  may  be  highly  specular.  As  a  general 
rule,  laser  irradiances  or  radiant  exposures  safe  enough  to  view  by  diffuse  reflection  will 
not  create  liazardous  reflecticuu  from  water  droplets  and  natural  foliage  at  viewing 
distances  greater  than  1  meter.17'32 


3.1. 2.4  High  Energy  Effects. 

At  power  levels  below  about  50  W/cm2,  thermal  energy  from  laser  light  has 
little  effect  on  its  atmospheric  environment.  At  greater  intensities,  however,  such 
energy  may  be  transferred  at  high  enough  levels  to  alter  this  environment  and  its 
subsequent  influence  on  laser  propagation.  High  energy  exchanges  between  laser  beam 
and  atmosphere  are  essentially  nonlinear  (i.e.,  energy  losses  occur  at  faster  rates  than 
power  gains)  and  can  result  in  thermal  blooming  and  the  ionization,  or  breakdown,  of  air 
molecules. 


The  term  "thermal  blooming"  is  used  to  describe  self-induced  thermal 
distortions  of  laser  radiation.  This  occurs  when  air  densities  along  the  path  of  a  laser 
beam  are  thermally  altered  enough  to  bend  light  from  its  directed  course.  This  effect  is 
proportional  to  the  relative  rate  at  which  air  transverses  the  beam  (either  as  wind  or  by 
slewing  of  the  beam),  at  least  until  relative  air  movements  are  great  enough  to  prevent 
appreciable  heat  gain.  Thermal  blooming  is  more  likely  to  occur  with  CW  high  energy 
lasers  than  with  pulsed  lasers,  especially  if  the  frequency  of  pulses  is  low  enough  to  allow 
heated  air  to  be  removed  from  the  beam  path. 

I 

Ionization  is  the  process  of  adding  or  removing  electrons  from  an  electrically 
neutral  atom  qx  molecule  to  form  electrically  charged  ions.  At  high  intensities  (e.g., 
megawatts/cm2)  air  molecules  will  ionize  to  create  electric  fields,  or  plasmas,  strong 
enough  to  totally  absorb  laser  energy.64  Although  it  is  possible  to  attain  brief 
(nanosecond)  air  ionization  intensities  with  certain  pulsed  lasers,  the  environmental 
importance  of  this  phenomenon  is  unclear  and  may  not  differ  substantially  from 
atmospheric  ionization  caused  by  lightning. 


3.2  Ancillary  Factors. 


In  addition  to  biological  effects  of  laser  radiation,  many  lasing  systems 
contain,  or  are  associated  with,  other  potential  sources  of  environmental  impact.  The 
most  important  of  these  ancillary  factors  are  discussed  briefly  below  and  more  fully  in 
other  sources17'32’68  that  should  be  consulted  for  further  information. 


> 1. 


Chemical. 


3.2.1. 1  Fuels.  Coolants,  and  Emissions. 

Many  chemical  fuels,  exhaust  products,  and  coolants  associated  with  lasing 
devices  are  potentially  hazardous  in  the  workplace  or  local  environment,  and  exposure  to 
these  materials  may  be  governed  by  local,  state,  or  federal  regulation  (see  2.3  and  2.4). 
Laser  systems  requiring  large  storage  and  treatment  facilties  for  lasing  material  and 
exhausts  are  especially  subject  to  risks  from  exposure  to  hazardous  chemicals.  For 
example,  operational  requirements  for  current  high  energy  HF  or  DF  chemical  lasers 
would  result  in  atmospheric  discharges  of  helium,  oxides  of  nitrogen  and  sulfur,  and 
several  fluorinated  compounds,  including  hydrogen  (or  deuterium)  fluoride,  a  corrosive 
and  environmentally  toxic  material.  9  Other  fuels,  reactants  and  emissions  associated 
with  HEL  operations  are  listed  in  Table  4,  along  with  possible  airborne  pollutants  from 
laser  impacts  with  target  materials.  Note  that  ozone  (O-j),  an  important  airborne 
photochemical  oxidant  (see  2.4.4),  may  result  from  HEL-produced  atmospheric  plasmas 
(see  3.1.2.4),  although  probably  in  amounts  too  low  to  be  environmentally  significant. 

High  energy  laser  facilities  such  as  the  HELSTF  at  White  Sands  Missile  Range, 
are  subject  to  federal  and  state  regulations  and  permit  requirements  designed  to  insure 
environmentally  acceptable  methods  for  use  and  disposal  of  process  effluents  (see  2.4). 
Thus  only  in  event  of  accidental  discharges  would  potentially  adverse  local  impacts  be 
likely  to  occur.  Potential  impacts  oi  this  kind  are  addressed  in  appropriate  site-specific 
environmental  and  safety  documents.  1,12 

Many  lasers  are  cooled  during  operation  with  materials  ranging  from  water  to 
liquid  nitrogen  or  other  cryogenic  fluids.  When  vented  to  the  atmospehre,  cryogenic 
fluids  tend  to  displace  oxygen  and,  in  high  enough  concentrations,  can  act  as  an 
asphyxiant.  Although  a  potential  safety  hazard  near  enclosed  facilities,  inert  gases  from 
exposed  cryogenic  fluid  containers  are  unlikely  to  present  significant  environmental 
impacts  as  escaping  gases  would  be  rapidly  diluted  in  the  local  atmosphere. 

3.2.1.2  Dyes  and  Solvents. 

Laser  dyes  are  complex  organic  compounds  that  can  be  combined  with 
appropriate  solvents  to  produce  lasing  myiia  capable  of  emitting  at  ultraviolet,  visible, 
and  IR  wavelengths  (see  Figure  9).  ,71  These  fluorescent  compounds  are  available 

commercially,  and  many  can  be  classified  by  chemical  structure  into  major  groups  such 
as  the  xanthenes  (rhoda  mines  and  fluoresceines),  polymethines  (cyanines  and 
carboncyanines),  coumarins,  and  stilbenes. 

Some-Of  these  dyes  or  closely  related  compounds  are  used  commercially  for 
other  purposes/  Toxicological  data  on  many  compounds,  however,  are  scarce,  although 


•Reference  70,  a  preprint  of  a  paper  given  by  3.  A.  Mosovsky  at  the  American  Industrial 
Hygiene  Conference,  22-27  May  1983,  Philadelphia,  PA,  is  intended  for  formal 
publication  and  is  used  here  with  permission  of  the  author.  Requests  for  additional 
information  should  be  addressed  to  the  author  or  to  the  Technical  Information 
Department,  Lawrence  Livermore  National  Laboratory,  University  of  California, 
Livermore,  California  94550. 
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Table  4.  Potential  Chemical  Contaminants  from  Laser  Operations 


Substance 


Department  ofb 

Worker  Exposure*  T  ransportation  RCRA  Wastec 

Limits  (mg/ m3)  Hazard  Class  Category 

TWA  STEL 


Fuels,  Reactants,  Emissions** 


Bromine 

0.7 

2 

Corrosive  Material 

_ 

Carbon  dioxide  (liquified) 

9000 

2700 

Nonflammable  Gas 

.. 

Carbon  monoxide 

33 

440 

Flammable  Gas 

— 

Chlorine 

3 

9 

Nonflammable  Gas 

Deuterium  (see  hydrogen) 
Fluorine 

2 

4 

Nonflammable  Gas 

Acute  Hazardous 

Helium 

asphyxiante 

Nonflammable  Gas 

Waste,  P056 

Hydrogen 

asphyxiante 

Flammable  Gas 

— 

Hydrogen  fluoride 

2.3 

5 

Corrosive  Material 

Toxic  Waste 

Nitrogen 

asphyxiante 

Nonflammable  Gas 

U134 

Nitrogen  dioxide  (liquified) 

6 

10 

Poison  A 

Acute  Hazardous 

Sulfur  dioxide 

3 

10 

Nonflammable  Gas 

Waste,  P078 

Solvents  (Laser  Dyes)* 

Chlorobenzene 

330 

Flammable  Liquid 

Toxic  Waste 

Chloroform 

508 

225 

ORM-Ah 

U037 

Toxic  Waste 

Cyclohexane 

1050 

1300 

Flammable  Liquid 

U044 

Toxic  Waste 

Dichloromethane 

360 

1700 

ORM-Ah 

U056 

Ethyl  Alcohol 

1900 

— 

Flammable  Liquid 

_ 

Ethylene  Glycol 

125  (vapor) 
260* 

— 

Combustible  Liquid 

— 

Methyl  Alcohol 

310' 

Flammable  Liquid 

Toxic  Waste 

T  etrahydrofuran 

590 

735 

Flammable  Liquid 

U154 

Toxic  Waste 

Toluene 

375* 

560* 

Flammable  Liquid 

U213 

Toxic  Waste 

Triethylamine 

40 

60 

Flammable  Liquid 

U220 
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Table  4  (corn'd) 


Substance 


Worker  Exposure3 
Limits  (mg/mJ) 
TWA  STEL 


Department  ofb 
Transportation 
Hazard  Class 


RCRA  Waste0 
Category 


Target  Interactions 


d 


Asbestos 

„g 

N/A 

N/A 

Beryll  urn 

0.0028 

N/A 

N/A 

Cadmium  Oxide  (fume) 

0.05 

N/A 

N/A 

Chromium 

0.5 

N/A 

N/A 

Cobalt  (dust  &  fume) 

0.1 

N/A 

N/A 

Copper  (fume/dust) 

0.2/1 

N/A 

N/A 

Non  Oxide  (Fe20-,  fume) 

5 

N/A 

N/A 

Manganese  (fume/ dust) 

1/5 

3/- 

N/A 

N/A 

Nickel 

1 

— 

N/A 

N/A 

Ozone 

0.2 

0.6 

N/A 

N/A 

Uranium  (soluble  &  insoluble) 

0.2 

0.6 

N/A 

N/A 

Vanadium  2^3  dust  iSc  fume) 

0.005 

— 

N/A 

N/A 

Zinc  Oxide  (fume) 

5 

10 

N/A 

N/A 

Published  by  the  American  Conference  of  Government  Industrial  Hygienists20  as  safe  to  "nearly  all  workers" 
following  repeated  daily  exposure.  Categories  include: 

TWA  (Time  Weighted  Average)  -  for  normal  S-hour  workday  and  40-hour  work  week  exposures. 

STEL  (Short  Term  Exposure  Limit)  -  maximum  concentration  or  ceiling  not  to  be  exceeded  at  any  time 
during  a  13-minute  excursion  pet  od. 

bSee  49  CFR  part  i72.101. 

cResource  Conservation  and  Recovery  Act.  See  40  CFR  part  261.33 
^Modified  after  Sliney  and  Wolbarsht,  Ch.  27^2 
elnert  gas  or  vapor  which  limits  availability  of  oxygen 
1  Modified  after  Mosovsky70 
^Suspected  carcinogen 

^"Anesthetic,  irritating,  noxious,  toxic  or  other  similar  property  which  can  cause  extreme  annoyance  or 
discomfort"  (see  49  CFR  173.505) 


38 


WAVELENGTH  (MICROMETERS) 


1300 

OOO 

700 

600 

300 


-  METHYL  FLUORIDE 

-  METHANOL 


HCN 


20 

IS 

lO 

a 


■4 


2 


O.  1 


io.s  - co2 


3 .  ao  - DF 

2.80  -  HF 


1  .  004  -  Nd>  YA8  Con  Ndi  Gloss) 

0.00  -  QoAs 

0.82  - }  ALEXANDRITE 

0.80-43 -  RUBY  -  RED 

0.8328 -  HoNo  -  RED/ORANGE 

0.532  -  2  X  Nd'  YAG  -  GREEN 

0.51-4  -  ARGON  -  BLUE/GREEN 

0.35  -  3  X  Nd  i  YAG 

EXCIMERS 

CDISCRETE  WAVELENGTHS) 


«*  REQUIRES  10-15  DIFFERENT  DYES 
TO  COVER  THE  ENTIRE  RANGE 


1 


Figure  9.  Operating  Wavelengths  of  Some  Commercial  Lasers 
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available  evidence  suggests  that  some  (e.g.,  cyanines,  polymethines),  taken  orally,  are 
potentially  hazardous. >70,72  More  important  from  the  health  and  environmental 
perspective  are  the  dye  solvents,  which  typically  comprise  more  than  99  percent  of  dye 
lasing  media  by  weight,  and  which  are  commonly  flammable  and/or  toxic  by  inhalation  or 
percutaneous  absorption  (see  Table  4). »72>7’ 

Risk  of  exposure  to  organic  dyes  and  solvents  is  likely  to  be  greatest  during 
preparation  of  lasing  media  solutions.  This  operation  should  be  confined  indoors  at 
facilities  designed  to  handle  such  substances.  Under  field  conditions,  dye  solutions  in 
lasing  devices  would  probably  be  protectively  encased  in  relatively  small  quantities  (less 
than  1  liter),  and  should  not  present  significant  environmental  impacts  if  properly 
handled  and  disposed  of  by  regulation  (see  2.4.2). 

3.2.2  Radiation. 


Laser  light  is  not  capable  of  ionization  (as  are  x  and  gamma  rays)  except  at 
very  high  irradiances.  However,  x-rays  can  be  generated  from  high-voltage  (greater  than 
15  kv)  power  supply  tubes  and  from  certain  electric  discharge  laser  (EOL)  systems. 
These  radiation  hazards  are  generally  well  understood  and,  are  limited  to  acceptable 
levels  through  proper  monitoring  and  shielding  procedures. 

3.2.3  Noise. 

Excessive  environmental  noise  (e.g.,  sound  levels  capable  of  disturbing  sleep, 
speech,  and/or  of  eliciting  annoyance  or  other  atypical  behavioral  or  physiological 
responses)  may  result  from  certain  laser  operations.  Hazardous  sound  levels  can  occur  at 
source  and  target  and,  for  certain  HEL's,  may  result  from  superheated  air  during 
atmospheric  propagation  (thunder).  Local  impacts  can  be  minimized  through  acoustical 
shielding,  ear  protection,  and  isolation  of  lasing  operations  from  nonworker  populations. 
Army  standards  for  environmental  noise  are  given  in  AR  40-5.  Additional  information 
can  be  found  in  TB  501, 75  and  ACGIH  TLV’s  (pg  7 9).20 

3.3  Summary  of  Environmental  Risks. 

Environmental  risks  from  Army  laser  operations  can  be  evaluated  as  potential 
impacts  from  downrange  exposures  to  laser  radiation  and  ancillary  energy  sources  and 
chemical  emissions  from  lasing  devices  and  facilities.  These  criteria  are  summarized 
below  with  emphasis  on  relationships  to  major  life  cycle  development  phases  of  Army 
materiel. 


3.3.1  Laser  Radiation. 


Local  impacts  from  laser  radiation  cannot  be  estimated  without  knowledge 
of:  the  output  (wavelength,  power)  of  the  lasing  source,  distance  from  lasing  source  to 
target,  atmospheric  conditions,  and  damage/injury  thresholds  for  substances/organisms  at 
risk  of  exposure.  Although  information  on  output  parameters  of  Army  lasers  is  often 
classified,  typical  output  capabilities  of  many  lasers  can  be  estimated  from  published 
information  on  commercial  laser  devices.  This  has  been  done  in  Figure  9  and  Table  5, 
which  list  (respectively)  emission  spectra  and  output  characteristics  of  lasers  of  potential 
military  utility.  Given  knowledge  of  these  laser  output  levels,  downrange  human  safety 
hazards  can  be  estimated  from  standards  for  exposure  and  calculation  aids  'see 
Appendices  C  &  D).  Unfortunately  these  standards  are  progressively  less  useful  for 
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Table  5.  Output  Characteristics  of  Typical  Industrial  Lasers3 


Type 

Wavelength 

ym 

Repetition  rate 

Hz 

Pulse  length 
u  sec 

Peak  output 
power  in  watts 
(w)  or  pulse 
energy  (j) 

Liquid  (dye) 

N<fcYAGb 

0.19-3 

1  -  10 

0.008 

1.8  x  10/  (j) 

Eximerb 

0.21  -  0.96 

1-200 

0.005-0.015 

5  x  10“  (j) 

Coax  -  Flashb 

0.46  -  0.73 

0.6 

1.8 

5  x  106  (j) 

Gas 

co2 

10.6 

0.016 

2 

36,000  (j) 

CO, 

9.2  -  10.7 

CWc 

CW 

150  -  15,000  (w] 

CO 

5-7 

CW 

CW 

10  -  20  (w) 

DCN 

190/193 

CW 

CW 

0.1  -  0.2  (w) 

OF 

3.8 

CW 

CW 

10,000  (w) 

HeNe 

0.6328 

CW 

CW 

0.01  (w) 

3.391 

CW 

CW 

HCN 

311/337 

CW 

CW 

0.01  -  1.0  (w) 

HF 

2.6  -  2.0 

CW 

CW 

25  -  50  (w) 

Methanol 

37-1217 

CW 

CW 

0.1  (w) 

Methyl  Fluoride 

496  -  1222 

CW 

CW 

0.025  (w) 

Argon 

0.43  -  0.53 

3.8  X  106 

10-2 

8  x  10““  (j) 

Solid  State 

NdiYAG 

1.06 

CW 

CW 

600  -  200,000  (w; 

Alexandrite 

0.73  -  0.78 

1 

0.1 

1  (j) 

Nd:YAG  (x2) 

1.06  (0.532) 

5 

14,000 

80  (j) 

Ruby 

0.6943 

0.016  -  0.25 

2,000 

150  -  400  (j) 

Semiconductor 

GaAs 

0.904 

1,000 

200 

50  -  150  (w) 

information  compiled  from  a  more  extensive  listing  in  the  1983  Laser  Focus  Buyers' 
Guide  to  indicate  highest  output  capabilities  of  selected  lasers. 

bPumping  method 

cContinuous  wave 
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nonprimate  mammals  and  other  vertebrates  and,  until  more  data  about  laser  effects  on 
these  animals  are  available,  potential  hazards  should  be  evaluated  against  current 
standards  for  human  exposure. 

These  exposure  standards  are  of  even  less  value  for  appraising  hazards  for 
plants  and  microorganisms.  This  is  particularly  true  for  laser  radiation  in  the  actinic  UV 
spectrum  (UV-B,  C)  which  is  potentially  germicidal,  mutagenic,  and  teratogenic  to  many 
plant  species.  Although  visible  and  near  IR  wavelengths  of  some  lasers  are  photoactive 
for  certain  vegetative  functions,  far  IR  radiation  will  probably  cause  thermal  damage  by 
mechanisms  similar  to  those  in  animals  (albeit  at  different  depths  and  irradiances). 
However,  in  view  of  regenerative  potentials  of  many  plants,  such  damage  may  be  short¬ 
lived  and  less  threatening  to  overall  survivability. 

Much  of  the  information  presented  above  concerns  mechanisms  for  potential 
injury  to  living  tissues  by  laser  light  or  other  sources  of  optical  radiation.  Ultimately, 
however,  such  information  must  be  used  to  estimate  probabilities  of  injury  under  natural 
conditions  and  impacts,  if  any,  that  such  injuries  or  deaths  would  have  on  the  structure 
and  stability  of  the  lased  environment.  Answers  of  course  will  vary  with  each  of  the 
factors  discussed  above  and  with  the  structure  of  the  environment  at  risk.  Nevertheless, 
certain  conclusions  are  possible  and  are  summarized  as  follows: 

The  greatest  risk  of  injury  to  animal  life  is  through  ocular  exposure  to 
visible  -  near  IR  laser  wavelengths.  The  chance  of  such  exposure  to  any 
human  or  animal  is  slight  and  would  require  direct  irradiance  of  ocular 
lenses  probably  less  than  1  entimeter  in  diameter  by  a  downrange  laser 
beam  generally  much  less  than  100  centimeters  in  diameter.  Plants,  which 
unlike  animals  are  unable  to  focus  and  intensify  light  through  ocular  lenses, 
would  probably  be  unaffected  by  most  low  power  visible  laser  radiation 
capable  of  ocular  injury. 

High  power  lasers,  i.e.,  those  capable  of  producing  fire  or  skin  injuries,  are 
also  capable  of  injury  to  plant  tissues  as  well.  Unlike  animal  species,  plants 
would  be  unable  to  move  exposed  areas  which,  if  large  enough,  could  result 
in  death.  Again,  total  downrange  areas  at  risk  of  direct,  or  even  specular, 
exposure  to  laser  radiation  normally  would  be  very  small. 

The  greatest  risks  from  high  power  laser  irradiation  would  be  from 
downrange  fires,  which  could  destroy  local  ecosystems  indiscriminately. 
Chances  of  such  fires  would  be  greatest  in  relatively  dry  areas  or  following 
periods  of  prolonged  heat,  and  it  may  be  advisable  to  limit  outdoor  testing 
of  HEL's  under  these  conditions. 


Ultraviolet  radiation  is  potentially  most  damaging  to  living  systems 
because  it  is  capable  of  altering  genetic  functions  (mutagenesis)  that 
theoretically  could  alter  the  local  gene  pools  of  a  species.  Ultraviolet 
radiation  is  efficiently  absorbed  by  the  earth's  atmosphere  at  sea  level  and, 
therefore,  is  difficult  to  transmit  for  great  distances  at  high  power  levels. 
Furthermore,  although  microorganisms  would  certainly  be  exposed  and 
possibly  affected  by  UV  lasers,  higher  plants  would  probably  be  susceptible 
only  if  reproductive  structures  (e.g.,  flowers)  were  directly  exposed. 
Chances  of  such  exposures  must  certainly  be  slight  and  could  only  occur 
during  seasons  when  such  structures  are  being  produced. 


Most  lasing  devices  are  operated  and  aimed  only  with  aid  of  an  operator 
and,  given  that  such  individual  act  responsibly,  it  is  likely  that  procedural 
constraints  of  Army  policies  concerning  laser  range  safety  will  limit 
potential  downrange  impacts  from  laser  radiation  to  areas  of  military 
installations  specifically  established  for  such  purposes.  Additional 
precautions  would  possibly  be  required  if  laser  ranges  included  or  bordered 
habitats  of  threatened  or  endangered  species,  as  defined  by  state  and 
federal  statutes. 

3.3.2  Ancillary  Hazards. 

Viewed  solely  as  a  source  of  directed  energy,  laser  radiation  is  virtually 
pollutionless.  Indirect  impacts  are  possible,  however,  from  certain  liquid  and  gaseous 
reactants  and  waste  products  of  systems  or  facilities  which  produce  laser  energy.  In 
most  cases,  quantities  of  potential  pollutants  are  low  (1  liter  or  less)  and  are  packaged  to 
insure  little  hazard  to  the  user  and  surrounding  environment.  Potential  pollutants  (e.g., 
liquid  dyes)  could  be  found  in  larger  quantities  at  storage  facilities  (e.g.,  depots),  but  only 
in  case  of  a  major  accident  (e.g.,  fire)  would  chances  of  environmental  exposure  increase 
significantly.  Cleanup  and  disposal  procedures  in  such  cases  are  covered  in  respective 
facility/installation  Hazardous  Substance  Spill  Control  and  Contingency  Plans. 

Many  research  lasers  (i.e.,  chemical,  CO2,  GDL)  require  storage  of  common 
industrial  gases  and  coolants  (carbon  dioxide,  nitrogen,  helium)  which,  if  pressurized,  may 
present  an  explosion  hazard.  Otherwise,  they  are  essentially  inert  and  of  little 
environmental  risk  in  the  open  air.  By  far  the  greatest  source  of  environmental 
emissions  from  lasing  systems  are  the  high-energy  research  laser  facilites,  for  instance, 
the  HELSTF  at  White  Sands  Missile  Range,  New  Mexico.  As  mentioned  earlier,  emissions 
from  this  and  other  such  facilities  are  monitored  and  regulated  to  conform  to  federal  and 
state  regulatory  requirements. 

3.3.3  Life  Cycle  Events. 

3.3.3. 1  Research,  Development  and  T raining. 

The  greatest  risks  of  environmental  impact  from  Army  laser  programs  will 
occur  during  outdoor  developmental  testing  phases  (e.g.,  operational  and  development 
testing)  and  during  large-scale  troop-training  exercises.  Such  activities,  if  conducted 
within  guidelines  of  AR  40-46  and  respective  MACOM  range  safety  manuals,  should 
result  in  environmental  impacts  much  less  significant  than  those  from  troop  movements 
and  other  routine  features  of  the  training  exercise. 

Research  involving  HEL's  is  currently  very  limited,  and  long-range  prospects 
for  potential  impacts  of  HEL's  may  be  easier  to  determine  once  the  military  utility  of 
potential  designs  are  more  thoroughly  evaluated. 

3.3.3.2  Production  and  Deployment. 

Impacts  for  production  of  standard  Army  lasers  are  low,  primarily  because 
Items  are  produced  on  contract  by  commerical  sources  not  located  on  military 
installations.  These  industrial  sources  are  subject  to  environmental  regulations  of 
respective  local,  state,  and  federal  jurisdictions.  Affected  environments  for  proposed 
storage  of  laser  devices  and  ancillary  materials  will  be  addressed  as  required  in 
appropriate  environmental  documents. 
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3.3.3.3  Demllltar  Ization  and  Disposal. 

Potential  impacts  for  demilitarization  and  disposal  procedures  of  laser  systems 
will  vary  with  the  design  and  type  of  lasing  system,  but  these  procedures  should  not  pose 
significant  environmental  problems  in  any  event.  Typically,  metal  and  other  structural 
components  would  be  incinerated  and  sold  as  scrap.  Chemicals  (e.g.,  coolants,  dyes) 
would  be  drained  and  incinerated  or  otherwise  appropriately  disposed  of;  containerized 
gases  and  electrical  components  would  be  salvaged  and/or  recycled.  The  affected 
environments  of  proposed  demilitarization  and  disposal  facilities  would  be  addressed  and 
documented  as  required  by  Army  regulation.2 
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1.  GENERAL  INFORMATION 

The  word  "laser an  acronym  for  light  amplification  by  stimulated  emission  of 
radiation,  will  be  applied  in  this  appendix  to  devices  with  output  wavelengths  of 
approximately  200  nm  (0.2  pm)  to  1000  ym  (1  mm).*  What  follows  Is  a  brief  discussion 
of  the  principles  of  laser  light  and  lasing  devices.  Much  of  this  material  has  been 
modified  after  TS  279,**  which  should  be  consulted  for  additional  information. 

1.1  Nature  of  Light. 

As  commonly  used  the  word  "light'*  refers  to  that  portion  of  the 
electromagnetic  spectrum  which  produces  a  visual  effect.  It  was  first  shown  by  James 
Clerk  Maxwell  in  1&Z3  that  light  is  electromagnetic  radiation  that  propagates  at 
approximately  3  x  10s  meters  per  second.  Albert  Einstein  later  predicted  that  the 
velocity  of  light  in  a  vacuum  is  constant  throughout  the  universe  and  is  the  ultimate 
speed  at  which  energy  may  be  transmitted.  Quantum  mechanics,  the  branch  of  science 
dealing  with  atomic  and  subatomic  particles,  describes  the  smallest  indivisible  quantity 
of  radiant  energy  as  one  photon.  The  amount  of  energy,  represented  by  one  photon,  Qq, 
is  determined  by  the  frequency  v  (NU),  and  Plank's  constant,  h. 


Qq=hv 


The  frequency,  « ,  and  wavelength,  X  (lambda),  of  light  are  related  by  the 
velocity  of  light,  c,  so  that  knowing  one,  the  other  may  be  determined  by  use  of  the 
relationship. 

c  =  vX 

Man  has  made  use  of  almost  the  entire  electromagnetic  spectrum  from  zero 
Hertz  (cycles  per  second),  i.e.,  direct  current  from  storage  batteries,  to  1024  Hertz,  i.e., 
the  very  hard  x-rays  for  nondestructive  inspection  of  metal  parts.  Figure  A-l  shows  the 
electromagnetic  frequency  spectrum  and  some  of  its  uses  and  properties. 

Electromagnetic  radiation  is  emitted  whenever  a  charged  particle,  (e.g.,  an 
electron)  gives  up  energy  into  an  electric  field.  This  happens  whenever  an  electron  drops 
from  a  higher  to  lower  energy  state  in  a  molecule,  atom,  or  ion.  In  ordinary  light 
sources,  electron  transitions  from  higher  to  lower  energy  states  occur  randomly  and  one 
photon  has  no  correlation  with  another.  Electrons  can  be  raised  to  higher  energy  levels 
or  become  "excited"  in  many  ways:  (a)  by  heating,  as  in  the  filament  of  an 
incandescent-lamp;  (b)  by  collisions  with  other  electrons,  as  in  a  fluorescent  lamp  or 
television  picture  tube;  (c)  by  absorbing  energy  from  photons,  as  in  luminescent  paint  on 
a  watch  dial;  and  (d)  by  chemical  reactions,  as  in  a  flame.  Electron  energy  levels  are 
also  influenced  by  the  vibrational  and  rotational  motion  of  a  molecule. 


♦nmmanometers  (10-^  meters);  y  m=micrometers  (10-^  meters) 

♦•Department  of  the  Army  Technical  Bulletin.  TB  Med  279.  Control  of  Hazards  to 
Health  from  Laser  Radiation.  30  May  1975. 
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Light  from  any  source  can  be  described  in  terms  of  line*  or  thermal 
emissions.  Line  emission  occurs  at  a  single  wavelength,  or  color,  of  light.  It  is  produced 
by  the  decay  of  an  atom  from  some  high  energy  state  to  a  lower  energy  state.  Among 
examples  of  line  emitters  are  the  sodium  and  mercury  vapor  lamps  for  highway  lighting. 
Thermal,  or  broadband,  emission  is  responsible  for  the  light  of  incandescent  light  bulbs. 
Thermal  emissions  are  composed  of  a  continuous  spectrum  of  colors  and  appear  white  to 
the  human  eye.  The  incandescent  light  bulb  is  a  common  source  of  thermal  emissions. 

1.2  Laser  Light. 

The  laser  is  a  type  of  line  emitter  which  differs  in  two  principal  ways  from 
other  line  emitters.  First,  the  laser  must  be  raised  or  "pumped"  to  an  excited  state  in 
such  a  way  that  the  upper  energy  state  has  a  higher  population  density  than  the  lower 
energy  state.  This  "population  inversion"  results  in  an  excited  system  with  a  large 
number  of  potential  atomic  transitions  to  be  discharged.  Each  transition  will  result  in 
the  release  of  a  photon  of  energy  and  the  drop  of  an  atom  to  a  lower  energy  level. 
Secondly,  these  emissions  are  not  spontaneous,  as  the  electron  transitions  that  produce 
laser  photons  must  be  stimulated  by  other  identical  photons  (simulated  emission).  The 
overall  effect  of  these  differences  is  that  the  laser  can  store  a  very  large  quantity  of 
energy  that  can  be  released  quickly  when  appropriately  stimulated. 

Laser  light  has  four  typical  properties  which  distinguish  it  from  other  types  of 
light.  A  brief  explanation  of  these  characteristics  is  provided  below: 

Monochromicity.  Light  from  1  ncandescent  sources  is  a  mixture  of  many 
wavelengths  or  colors.  This  can  be  verified  by  placing  a  prism  in  the  path  of  the  beam. 
White  light,  (e.g.,  sunlight)  or  light  from  an  incandecent  bulb  can  be  separated  into 
various  colors  (red,  orange,  yellow,  green,  blue,  and  violet)  by  a  prism.  With 
monochromatic  light,  however,  only  one  color  exists  and  separation  cannot  occur. 

Laser  light  is  propagated  essentially  at  a  single  wavelength  (line  emission), 
although  minor  variances  in  emission  wavelengths  are  known  to  occur.  For  example, 
many  lasers  emit  at  two  or  more  finite  wavelengths  simultaneously.  For  all  practical 
purposes,  however,  laser  light  may  be  considered  monochromatic. 

Directionality.  Normal  light  diverges  rapidly  from  a  source.  Laser  light,  on 
the  other  hand,  diverges  very  little  and  can  be  focused  into  a  very  narrow  beam  or  cone. 
This  characteristic  makes  iasers  valuable  in  communications  transmitters  and,  for 
precision  measurements,  pointing,  and  tracking. 

Intensity.  Closely  related  to  directionality  is  the  brightness  or  intensity  of 
laser  lightl  The  intensity  of  a  laser  beam  is  defined  by  the  amount  of  power  radiated  by 
the  laser  within  its  narrow  cone  of  divergence,  and  can  be  described  in  several  terms, 
including  those  of  radiant  intensity,  radiance,  irradiance,  or  radiant  exposure  (see 
Appendix  B). 


•the  word  "line"  refers  to  the  manner  in  which  single  wavelength  (or  monochromatic) 
light  is  displayed  in  a  commonly  used  measuring  instrument,  the  spectrograph. 
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The  intensity  of  a  laser  beam  can  be  greatly  enhanced  by  focusing  the  beam  to 
the  smallest  possible  spot  size.  The  diameter  of  the  spot  size  for  a  focused  laser  beam  is 
directly  proportional  to  the  range  and  wavelength  and  inversely  proportional  to  the 
diameter  of  the  aperture  (the  output  lens  or  mirror). 

Ideally,  the  cross  section  of  a  laser  beam  is  circular,  the  light  intensity 
greatest  at  the  center  and  decreasing  uniformly  towards  the  perimeter  (Gaussian 
distribution).  This  pattern  is  difficult  to  achieve  for  many  types  of  lasers  and  requires 
accurate  mirror  alignments.  As  a  consequence,  certain  wave  pattern  aberrations  can  be 
formed  across  the  direction  of  beam  propagation.  These  electromagnetic  field  variations 
are  called  transverse  electromagnetic  modes  (TEM)  and  are  caused  by  imperfections 
within  lasing  cavities,  mirrors,  and  lenses,  and/or  by  atmospheric  turbulence 
(scintillations).  One  consequence  of  TEM's  is  the  production  of  hot  spots,  or  local 
irradiance  variations  of  up  to  two  orders  of  magnitude  within  the  propagating  beam. 

Coherence.  Coherent  light  is  produced  when  light  waves  of  the  same 
wavelength  are  in  phase  with  one  another.  The  coherent  property  of  laser  light  is  closely 
related  to  the  other  properties  discussed  above.  Thus,  coherent  light  is  monochromatic 
and  highly  directional.  A  coherent  beam  has  extremely  low  divergence  and  can  be 
focused  at  the  source  of  the  light  rather  then  at  the  target.  Because  it  can  be 
concentrated  within  a  narrow  light  cone,  the  brightness,  or  radiant  intensity,  is  very 
great. 


2.  THE  LASING  PROCESS 

The  laser  is  an  optical  amplifier,  analogous  to  an  electronic  amplifier  in  that  a 
small  light  signal  is  amplified  to  produce  a  large  output  light  signal.  The  laser  has  three 
basic  components:  a  lasing  medium,  a  pumping  system  (energy  source),  and  a  resonant 
optical  cavity.  Lenses,  mirrors,  shutters  and  other  accessories  may  be  added  to  the 
system  to  obtain  more  power,  shorter  pulses,  or  special  beam  shapes,  but  only  three  basic 
components  are  necessary  for  laser  action. 

2*1  Lasing  Medium. 

A  lasing  medium  must  have  at  least  one  excited  state  (metastable  state)  where 
electrons  can  be  trapped  and  not  immediately  and  spontaneously  dropped  to  lower 
states.  Electrons  may  remain  in  these  metastable  states  for  a  few  microseconds  to 
several  milliseconds.  When  the  medium  is  exposed  to  the  appropriate  pumping  energy, 
the  excited  electrons  are  trapped  in  these  metastable  states  long  enough  for  a  population 
inversion  to  occur.  Although  laser  action  is  possible  with  only  two  energy  levels,  most 
such  actions  involve  four  or  more  levels.  Lasing  media  include  solid  state,  gas,  liquid 
(dye),  semiconductor  (diode),  and  free  electron  systems. 

2.1.1  Solid  state. 

Solid-state  lasers  employ  doped  glass  or  solid  crystals  as  the  lasing  medium. 
Examples  include  ruby  (crystalline  aluminum  oxide)  doped  with  chromium  ions,  yttrium 
aluminum  garnet  (YAG),  doped  with  niodynium  ion  (Nd^+)  and  erbium  doped  glass.  Solid- 
state  lasers  normally  emit  in  the  near  IR  spectrum  but  can  be  modified  to  emit  at  shorter 
wavelengths.  For  example,  the  primary  1.06- pm  (IR)  output  wavelength  of  a  (Nd:  YAG) 
laser  can  be  halved  to  0.53  pm  (green)  by  doubling  the  frequency  (see  appendix  B). 
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Wavelengths  can  be  further  shortened,  but  at  the  cost  of  significant  reductions  of  output 
energy  (doubling  efficiencies  are  currently  less  than  40  percent). 


2.1.2 


Gas. 


Gas  lasers  employ  pure  gas  or  gas  mixtures  as  the  lasing  medium.  An 
important  example  is  the  carbon  dioxide  (CO?)  laser,  actually  a  mixture  of  CO^,  nitrogen 
(N)  and  helium  (He)  gases,  which  is  capable  of  high  power  levels  at  relatively  high 
efficiencies.  Another  common  laser  employs  a  mixture  of  He  and  neon  (Ne)  gases. 


Excimer  lasers  are  gas  lasers  composed  of  mixtures  of  rare  gases  and  halogens, 
the  halogen  being  any  of  the  five  chemically  related  nonmetallic  elements  (fluorine, 
chlorine,  bromine,  iodine,  and  astatine).  The  word  "dimer"  is  used  to  describe  a 
compound  formed  by  the  union  of  two  similar  molecules.  The  term  "excimer"  is  a 
contraction  of  the  phrase  "excited-dimer"  and  refers  to  a  molecule  which  is  chemically 
stable  only  in  its  excited  state.  Common  excimer  laser  molecules  include  krypton 
fluoride  (KrF),  xenon  fluoride  (XeF),  xenon  chloride  (XeCl),  and  mercury  chloride 
(HgCl).  Gas  lasers  emit  primarily  at  IR  wavelengths,  CO2  laser  emissions  occurring  at 
10.6  pm. 


I 


| 


2.1.3  Liquid  Dye. 

Dye  lasers  employ  active  material  in  a  liquid  solution  or  suspension.  Examples 
include  complex  organic  dyes  like  rhodamine  6G  and  disodium  fluorescein  in  alcohol  or 
other  suitable  solutions.  An  important  property  of  these  materials  is  that  the 
wavelength,  or  color  of  the  laser,  can  be  varied  or  tuned.  Dye  lasers  can  emit  laser  light 
at  UV,  IR,  and  visible  wavelengths. 

2.1.4  Semiconductor. 

Semiconductor  lasers  employ  transistor  materials  as  the  laser  medium.  As  its 
name  implies,  a  semiconductor  is  any  material  whose  electrical  conductivity  is  greater 
than  that  of  an  insulator  (e.g.,  glass,  plastic),  but  less  than  a  good  conductor  like  silver  or 
copper.  One  such  compound  is  gallium  arsenide  (GaAs)  which  can  be  modified  into  other 
lasing  semiconductor  alloys.  Laser  diodes  commonly  have  low  energy  emissions  at  IR 
wavelengths  (0.9  -  1.5  microns),  although  emissions  at  shorter  (visible)  wavelengths  are 
possible  with  some  materials. 

2.1.5  Free  Electron. 


Free  electron  lasers  differ  from  the  other  active  laser  media  discussed  above 
in  that  laser  energy  is  supplied  by  unbound  (free)  electrons  rather  than  from  electrons 
bound  to  atoms  or  molecules.  Although  still  experimental,  electron  lasers  are  potentially 
efficient,  tunable,  and  powerful  sources  of  coherent  radiation. 


2.2  Pumping  System. 


Lasers  employ  pumping  systems  to  increase  the  number  of  electrons  trapped  in 
a  metastable  energy  level.  When  electrons  in  the  metastable  energy  level  exceed  those 
in  the  lower  level,  a  population  inversion  exists  and  laser  action  is  possible.  Several 
common  pumping  systems  are  discussed  below.  / 
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2.2.1  Optical. 

Optical  pumping  normally  occurs  with  solid-state  or  liquid-dye  lasers.  In  each 
case  lasing  molecules  are  excited  by  interactions  with  photons  from  an  external  light 
source  (e.g.  xenon  flash  tube,  ruby  laser).  Lamp-pumped  lasers  are  often  more  efficient 
than  laser-pumped  lasers  and  result  in  comparatively  longer  laser  pulses  (microseconds  to 
milliseconds),  unless  modified  to  produce  pulses  of  picosecond  to  nanosecond  durations. 
Optical  pumping  is  currently  effective  for  low  power  lasers  of  less  than  about  200-w 
average  power  output.  Although  methods  exist  to  produce  much  higher  power  outputs, 
significant  cooling  requirements  and  other  problems  serve  to  limit  the  utility  of  such 
systems. 


2.2.2  Electron. 


In  an  electron  pumping  scheme,  electrons  are  created  by  exposing  the  lasing 
medium  to  an  electric  current  or  to  a  plasma  discharge.  Plasma  discharges  can  be 
created  by  passing  high  voltages  across  gas-filled  tubes.  The  result  is  an  ionized  gas 
which  supplies  necessary  electrons  to  the  lasing  medium.  The  electron  beam,  or  electric 
discharge  laser  uses  an  electron  gun  similar  to  that  of  a  television  picture  tube  to  inject 
electrons  directly  into  the  laser  medium  (usually  a  gas).  Another  type  of  electrical 
pumping  causes  electric  voltage  to  vary  at  high  frequency  to  create  electric  field  waves 
along  the  laser  gas  (i.e.,  CO?  lasers).  Electron  pumping  is  used  with  high  and  low  power 
lasers  in  either  CW  or  pulsea  modes. 

2.2.3  Chemical. 

As  the  name  implies,  chemical  pumps  require  chemical  reactions  to  provide 
energy  to  lasing  media.  The  most  common  chemical  pumps  involve  reactions  between 
hydrogen  (H2)  or  deuteurium  (D2)  and  fluorine  (F?)  gases,  which,  when  mixed,  will  react 
violently  to  produce  the  appropriate  fluoride  (HF  or  DF).  The  energy  states  of  these 
reactant  molecules  are  suitable  as  lasing  sources  for  only  an  instant  (about  a 
millisecond),  so  that  the  gases  must  be  mixed  in  supersonic  flow  through  nozzles  to 
extend  lasing  times  as  long  as  possible.  Both  HF  and  DF  reactions  are  able  to  produce 
high  energy  laser  outputs  in  the  IR  spectrum,  the  HF  laser  emitting  at  2.7  u  m,  the  DF  at 
3.8  urn. 


2.2.4  Gas  Dynamic. 

It  is  also  possible  to  produce  high  energy  lasers  by  means  of  gas  dynamic 
pumping,  a  system  in  which  jet  fuel  is  burned  in  a  combustor  to  yield  C02  gas  at  very 
high  temperatures  and  pressures.  Transitory  (millisecond)  lasing  conditions  are  created 
by  accelerating  C02  molecules  to  supersonic  velocities  at  low  pressures,  thereby 
lowering  temperatures  suddenly  enough  to  create  requisite  population  inversions.  As 
with  high  energy  chemical  laser  reactions,  gas  dynamic  laser  output  can  be  prolonged 
through  control  of  flow  rates  and  nozzle  designs. 

2.2.3  Radio  Frequency. 

Long  wave  (radio  frequency)  electromagnetic  radiation  is  capable  of  pumping 
numerous  lasing  gases  (HF,  DF,  C02,  N20  and  several  rare  gases),  each  lasing  at 
different  wavelengths.  Radio  frequency  pumped  lasers  can  operate  at  either  continuous 
or  pulsed  modes  at  electrical  efficiencies  of  up  to  12  percent. 
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OPTICAL  CAVITY. 


A  resonant  optical  cavity  is  formed  by  placing  a  mirror  at  each  end  of  the 
laser  material  so  that  a  beam  of  light  may  be  reflected  from  one  mirror  to  the  other, 
passing  back  and  forth  through  the  laser  material.  Lasers  are  constructed  in  this  way  so 
that  the  beam  passes  through  the  material  many  times  and  is  amplified  each  time.  One 
of  the  mirrors  is  only  partially  reflecting  and  permits  part  of  the  beam  to  be  transmitted 
out  of  the  cavity. 

In  the  case  of  high  energy  lasers,  partially  reflecting  mirrors  would  absorb  too 
much  energy  and  be  destroyed.  Consequently,  high  energy  lasers  extract  power  either 
through  a  hole  in  the  center  of  one  mirror  or  around  the  outside  edge  of  one  mirror.  The 
latter  is  more  common.  Other  special  configurations  of  mirrors  with  high  reflectivity 
are  also  used. 

4.  MODES  OF  OPERATION. 

The  different  modes  of  operation  of  a  laser  are  distinguished  by  the  rate  at 
which  energy  is  delivered.  In  general,  lasers  operating  in  the  normal  pulse  mode  have 
pulse  durations  of  a  few  microseconds  to  a  few  milliseconds.  This  mode  is  referred  to  as 
"long  pulse"  or  "pulsed"  operation. 

The  quality  of  the  optical  cavity  of  a  laser  can  be  changed  by  placing  a  shutter 
between  the  mirrors.  This  enables  the  beam  to  be  turned  on  and  off  rapidly  and  normally 
creates  pulses  in  the  nanosecond  to  a  microsecond  range.  This  mode  of  operation  is 
normally  called  Q-switched,  although  it  is  sometimes  referred  to  as  Q-spoiled  or  giant 
pulse.  (The  "Q"  refers  to  the  resonant  quality  of  the  optical  cavity.)  A  laser  operating  in 
the  Q-switched  mode  delivers  less  energy  than  the  same  laser  operating  in  the  normal 
pulse  mode,  but  the  energy  is  delivered  in  a  much  shorter  time  period.  Thus,  Q-switched 
lasers  are  capable  of  delivering  very  high  peak  powers  of  several  megawatts  or  even 
gigawatts.  Most  military  lasers  are  Q-switched  with  a  pulse  duration  of  10  to  30  nsec 
and  are  used  in  target  acquisition  and  fire  control. 

When  the  phases  of  different  frequency  modes  are  synchronized,  i.e.,  "locked 
together,"  the  different  modes  will  interfere  with  one  another  to  generate  a  beat 
effect.  The  result  will  be  a  laser  output  that  is  observed  as  regularly  spaced  pulsations. 
Lasers  operating  in  this  fashion,  mode-locked,  usually  produce  trains  of  pulses,  each 
having  a  duration  of  a  few  picoseconds  to  a  few  nanoseconds.  A  mode-locked  laser  can 
deliver  higher  peak  powers  than  the  same  laser  operating  in  the  Q-switched  mode. 

Some  lasers  are  able  to  operate  continuously.  This  mode  of  operation  is  called 
continuous  wave  or  CW.  The  peak  power  is  equal  to  the  average  power  output;  that  is, 
the  beam  irradiance  is  constant  with  time. 

Pulsed  lasers  can  be  operated  to  produce  repetitive  pulses.  The  pulse 
repetition  frequency  of  a  laser  is  the  number  of  pulses  produced  by  the  laser  in  a  given 
time.  Lasers  are  now  available  with  pulse  repetition  frequencies  from  hundreds  to 
several  thousand  pulses  per  second.  Enormous  variation  exists  for  the  number  of  possible 
pulse  widths  and  pulse  repetition  frequencies.  Therefore,  the  specification  of  such  pulse 
characteristics  is  extremely  important  in  any  evaluation  of  the  interaction  of  laser 
radiation  with  biological  systems. 
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Absorption;  the  transfer  of  energy  from  one  medium  to  another.  When  a  laser  beam  is 
transmitted  through  the  atmosphere,  the  beam  will  lose  some  of  its  energy  to  the 
at'  jsphere  by  absorption. 

Absorption  depth:  the  depth  in  a  material  that  electromagnetic  radiation  will  reach 
when  part  or  all  of  the  radiated  energy  is  absorbed.  The  absorption  depth  depends  on 
material  properties  and  radiated  wavelengths. 

Accommodation:  the  ability  of  the  eye  to  change  its  focus  for  different  object  distances 

ACG1H:  American  Conference  of  Government  industrial  Hygienists 

Actinic:  ultraviolet  radiation  (UV  B&C)  capable  of  producing  chemical  effects 

Active  medium:  the  atoms  or  molecules  that  provide  for  laser  oscillation,  also  called 
laser  medium,  lasing  medium,  or  active  material 

AEHA:  US  Army  Environmental  Hygiene  Agency 

Angstrom  (abbreviated  A):  a  unit  of  measure  of  wavelength  equal  to  10"*®  meter,  0.1 
nanometer,  or  1Q-J*  micrometer.  This  term  is  no  longer  widely  us«l. 

AQCR:  Air  Quality  Control  Region 

ASL:  Atmospheric  Sciences  Laboratory 

Athcrmal  effect:  any  effect  due  to  radiation  absorption  other  than  the  production  of 
heat 

Atmospheric  degradation:  the  reduction  of  laser  beam  energy  propagation  through 
airborne  particles  or  molecules  by  absorption,  scattering  or  refraction.  Effects  vary  with 
laser  wavelength,  particle  size,  density,  and  composition  (e.g.,  dusts,  smokes,  aerosols, 
gases,  fumes). 

Attenuation:  the  decrease  in  the  intensity  of  any  optical  beam  as  it  passes  through  an 
absorbing  and/or  scattering  medium 

Average  power:  the  power  available  averaged  over  the  modulation  cycle  the  power 
actually  available  to  do  work.  In  pulsed  systems,  average  power  is  the  peak  power 
multiplied  by  the  duty  cycle.  In  continuous  wave  systems,  average  power  is  considered  to 
be  the  rated  power  output. 

Bandwidth:  the  frequency  range  over  which  a  device  or  sensor  system  operates.  The 
term  is  sometimes  used  for  the  special  linewidth  of  an  optical  source  (see  linewidth). 

Beam  controller:  a  system  of  movable  mirrors  for  pointing  and  focusing  a  laser  beam 

Beam  diameter:  the  diameter  or  a  cross  section  of  a  laser  beam  for  which  the  power- 
per-unit-area  is  Ve  (=37%)  of  the  peak  power.  Beam  diameter  is  therefore  less  than  the 
actual  or  apparent  diameter.  / 

/ 

Beam  divergence:  the  increase  in  beam  diameter  with  distance  from  the  laser's  exit 
aperture.  The  angle  of  beam  spreadUls  measured  in  miiliradians  (milliradian  =  3.4 
minutes-of-arc  or  approximately  V  mil).  For  small  angles  where  the  cord  is 
approximately  equal  to  the  arc,  the  increase  in  the  diameter  of  the  beam  is  numerically 
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equal  to  1/1000  oi  the  range  in  meters  multiplied  by  the  number  of  milliradians  of  beam 
divergence.  For  example,  at  a  range  of  1000  meters  a  beam  divergence  of  2  milliradians 
would  give  a  beam  diameter  2  meters  wider  than  the  emergent  beam  diameter. 

Beam  splitter:  an  optical  device  using  controlled  reflection  to  produce  two  beams  from  a 
single  incident  beam 

Blooming;  the  defocusing  or  bending  of  a  laser  beam  as  it  passes  through  laser  heated  air 
Brightness:  see  radiant  intensity. 

CAA:  Clean  Air  Act 

CERCLA:  Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  of 

T555 

Chemical  laser  (CL):  a  laser  which  uses  a  chemical  reaction  to  produce  the  energy  for 
the  lasing  action.  The  term  usually  refers  to  a  deuterium  fluoride  or  hydrogen  fluoride 
laser. 

CL:  Chemical  Laser 

Coherent  light:  light  which  has  a  single  frequency  and  a  uniform  wavefront.  Often  used 
tor  monochromatic  light  of  a  single  wavelength 

Collimated  beam:  an  ideal,  parallel  beam  of  radiation.  Laser  beams  in  the  atmosphere 
are  focused  or  slightly  divergent.  A  collimator  is  an  optical  device  to  convert  a 
diverging  or  converging  beam  of  light  into  a  collimated  or  parallel  beam. 

Continuous  wave  (CW):  an  uninterrupted  wave  radiation.  In  contrast  to  an  interrupted  or 
pulse  wave,  CW  lasers  emit  for  a  period  of  0.25  sec  or  more. 

CO-y  laser:  an  electric  lasqr  which  uses  carbon  dioxide,  nitrogen,  and  helium  as  the  lasing 
medium.  Wavelength:  10.6  urn  (far  1R). 

Crystal  laser:  see  solid  state  laser. 

DA:  Department  of  the  Army 

DARCOM:  US  Army  Materiel  Development  and  Readiness  Command 

Decibel  (dB):  a  unit  used  to  express  the  relative  difference  in  power  between  acoustic  or 
electric  signals,  equal  to  10  times  the  common  logaritnum  of  the  ratio  of  the  two  levels. 

Designator:  device  which  illuminates  a  threat  with  coded  laser  light  detectable  by 
sensors  on  conventional  munitions  for  guidance  to  the  target 

Deuterium  fluoride  (DF)  laser:  a  type  of  chemical  laser.  DF  wavelength  is  3.S  pm  (mid- 

trt: 

Diffraction:  the  bending  or  spreading  of  light  waves  caused  by  the  interference  of 
adjacent  waves.  Commonly  associated  with  the  spreading  of  light  after  it  passes  through 
a  small  hole,  slit,  or  aperture. 
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diffuse  reflection:  the  reflection  which  occurs  when  different  parts  of  a  beam  incident 
on  a  surface  are  reflected  over  a  wide  range  of  angles 

Diode  laser;  a  laser  in  which  the  active  material  is  a  semiconductor 

Divergence;  see  beam  divergence. 

POD;  Department  of  Defense 

DOE;  Department  of  Energy 

Duty  cycle;  a  measure  of  lasing  time  for  a  repetitively  pulsed  laser.  Expressed  as  the 
ratio  of  pulse  duration  to  pulse  repetition  time  (PRT).  A  duty  cycle  of  0.1  means  that 
the  laser  is  emitting  for  10%  of  the  duration  of  a  pulse. 

Dye  laser;  a  laser  in  which  the  active  material  is  an  organic  dye,  generally  in  solution, 
with  the  liquid  either  flowing  or  encapsulated  within  a  cell.  Also  called  organic-dye, 
tunable-dye  or  liquid  laser. 

Electric  discharge  laser  (EDL):  a  laser  which  uses  electric  power  to  induce  the  lasing 
action. 

Electromagnetic  radiation;  the  propagation  of  varying  electric  and  magnetic  fields 
through  space  at  the  speed  of  light 

Emergent  beam  diameter;  the  diameter  of  a  laser  beam  at  the  exit  aperture  of  the 
system,  usually  measured  in  centimeters  (cm) 

Energy;  the  capacity  for  doing  work.  Energy  is  commonly  used  to  characterize  the 
output  from  pulsed  lasers,  and  it  is  generally  measured  in  joules  (j). 

EPA;  Environmental  Protection  Agency 

Excimer  laser:  a  laser  in  which  the  active  material  is  an  excimer,  a  molecule  chemically 
unstable  except  in  its  excited  state.  Common  excimer  lasers  are  KrF  and  XeF. 

Exempted  Military  Laser:  a  laser  that  has  been  given  an  exemption  from  the  Federal 
Performance  Standard  for  Light-Emitting  Products,  21  CFR  1040.10  and  1040.11,  in 
accordance  with  a  blanket  exemption  given  to  DOD  by  the  Food  and  Drug 
Administration,  and  granted  by  the  developing  command  or  program  manager  in 
accordance  with  the  provisions  of  AR  385-9.  The  use  and  disposal  of  exempted  military 
lasers  are  strictly  controlled. 

Extended  source;  an  extended  source  of  radiation  which  can  be  resolved  into  a 
geometrical  image  (in  contrast  with  a  point  source  of  radiation,  which  cannot  be  so 
resolved) 

FDA;  Food  and  Drug  Administration 

Field-of-regard:  the  area  or  angle  a  laser  weapon  can  cover  without  motion  of  the 
carrier 

Flashblindness:  a  temporary  degradation  in  visual  acuity  resulting  from  irradiation  of  the 
eye(s)  by  a  brief  but  intense  visible  light.  The  effects  may  last  from  a  few  seconds  to  a 
few  minutes. 
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FL1R:  Forward  looking  infrared 

Fiuence:  a  measure  of  radiant  energy  per  unit  area  measured  in  joules/cm2 
Flux:  a  measure  of  radiant  power  per  unit  measured  in  watts/cm* 

Free-electron  laser  (FEL):  a  laser  that  differs  from  all  others  in  that  the  optical  energy 
comes  from  unbound  (free)  electrons  rather  than  from  electrons  which  are  bound  to  an 
atom  or  molecule.  Although  still  experimental,  these  lasers  offer  potential  to  be 
efficient,  tunable,  and  very  powerful  sources  of  coherent  radiation. 

Frequency:  the  rate  of  vibration  of  an  electromagnetic  wave.  Frequency  is  inversely 
proportional  to  the  wavelength. 

Frequency  doubler:  a  crystal  or  other  mechanism  which  doubles  the  frequency  (or  halves 
the  wavelength)  of  incident  laser  radiation  (e.g.,  changes  1.06  pm  to  0.53  urn).  A 
doubling  efficiency  of  35%  is  common  for  doubling  1.06  pm  at  the  present  state-of-the- 
art. 

FWPCA:  Federal  Water  Pollution  Control  Act  of  1972. 

Gas  dynamic  laser  (GDL):  a  laser  which  uses  expanding  hot  gas,  usually  from  a 
combustor,  through  supersonic  nozzles  to  produce  the  lasing  action 

Gas  laser:  a  type  of  laser  in  which  the  lasting  action  takes  place  in  a  gas  medium.  Can 
be  CW  or  pulsed  operating  mode 

Glass  laser:  see  diode  laser. 

Green  laser:  a  laser  which  operates  in  the  visible  green  band,  typically  a  frequency 
doubled  Nd:  YAG  laser. 

HEL:  high  energy  laser 

HELSTF:  High  Energy  Laser  System  Test  Facility,  located  at  White  Sands  Missile  Range, 
New  Mexico. 

Hemorrhagic  lesion:  a  lesion  that  is  characterized  by  severe  retinal  burns  with  bleeding 
and  immediate  to  permanent  loss  of  view 

Hertz  (Hz):  a  measure  of  frequency  (i  cycle  per  second).  Hertz  also  indicates  how  many 
pulses  per  second  a  laser  can  produce. 

High  energy  laser  (HEL):  a  laser  whose  energy  level  enables  it  to  burn  through  surface 
material  or  cause  out-of-band  damage  to  sensor  systems.  HEL  is  sometimes  defined  as 
any  laser  with  an  average  power  exceeding  20  kilowatts,  or  a  single  pulse  energy  of  30 
kilojoules  or  more. 

Infrared  radiation  (IR):  electromagnetic  radiation  with  wavelengths  which  lie  within  the 
range  of  0.7  to  1000  p  m  (1  mm).  This  region  is  often  broken  up  into  near-lR,  (0.7  p  m  to 
1.4  pm),  mid-IR  (1.4  to  10  pm),  and  far-lR  (10  pm  to  1  mm). 

Intensity:  radiant  exposure  or  irradiance 
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Intrabeam  viewing:  viewing  the  laser  source  from  within  the  beam.  The  beam  may 
either  be  direct  or  specularly  reflected. 

loot  When  an  electrically  neutral  atom  acquires  or  loses  one  or  more  electrons,  the 
resulting  charged  species  is  called  an  ion.  In  the  first  case  it  becomes  a  negative  ion,  and 
in  the  second  case  a  positive  ion. 

Irradiance:  the  radiant  flux  (radiant  power)  Incident  upon  a  given  surface,  measured  in 
watts  per  square  centimeter 

Jitter:  the  erratic,  transverse  movement  of  a  laser  beam  during  transmission  caused  by 
turbulence  and  platform  motion.  A  measure  of  the  ability  to  hold  a  laser  spot  steady 
usually  expressed  in  microradians. 

Joule  (J):  a  unit  of  energy.  A  joule  is  equal  to  1  watt-second,  or  approximately  0.001 
BTUs  (British  Thermal  Units). 

Joule/cm^:  a  unit  of  radiant  exposure  used  in  measuring  the  amount  of  energy  per  unit 
area  of  absorbing  surface,  or  per  unit  area  of  laser  beam.  Normally  called  beam 
intensity  or  fluence. 

LAIR:  Letterman  Army  Institute  of  Research 

Lambertian  surface:  an  ideal  diffuse  surface  whose  emitted  or  reflected  radiance 
(brightness)  is  independent  of  the  viewing  angle 

Laser  (Light  Amplification  by  Stimulated  Emission  of  Radiation):  a  source  of  intense, 
collimated,  coherent,  and  monochromatic  radiation 

Laser  device:  a  device  usually  composed  of  an  energy  source  (pumping  or  excitation 
medium) ]  an  active  lasing  medium,  a  feedback  mechanism,  and  an  output  coupler 

Laser  system:  an  assembly  of  electrical,  mechanical,  and  optical  components  which 
includes  a  laser.  This  term  is  generally  used  to  describe  a  complete  system,  including  the 
laser  device,  the  pointer  tracker  (beam  control)  subsystem,  and  acquisition  and  fire 
control  subsystems. 

L1DAR:  Light  Detection  and  Ranging 

Light:  see  visible  radiation. 

Linewidth:  the  frequency  or  wavelength  range  over  which  most  of  the  laser  beam's 
energy  is  distributed,  also  called  bandwidth  or  spectral  bandwidth. 

Liquid  laser:  see  dye  laser. 

MACOM:  Major  Army  Command 

Micron  (  y):  sometimes  used  in  lieu  of  micrometer,  a  unit  length  equal  to  l(T*  meters 

Micrometer  (urn):  a  unit  of  length  equal  to  10”6  meters,  (preferred  over  the  term 
micron) 

MILES:  Multiple,  Integrated  Laser  Engagement  System 
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Mode-locking:  a  technique  used  to  produce  high  energy  laser  output  of  extremely  short 
pulse  duration  (on  the  order  of  picoseconds) 

Monochromatic:  a  term  describing  the  time  coherence  of  light  waves  having  the  same 
wavelengths,  commonly  used  interchangeably  with  coherent.  See  coherent  light. 

NAAQS:  National  Ambient  Air  Quality  Standard 

A 

Nanometer  (nm):  a  unit  of  length  equal  to  10  meters,  one-billionth  of  a  meter 
NASA:  National  Aeronautics  and  Space  Administration 

Neodymium  YAG  (Nd:  YAG)  Laser:  a  solid-state,  flash-pumped  laser  which  uses  a 
neodymium  YAG  compound  as  the  lasing  medium.  Wavelength:  1.06  um  (near  -  IR). 
YAG  is  an  acronym  for  Yttrium  Aluminum  Garnet. 

NEPA:  National  Environmental  Policy  Act  of  1969. 

Nominal  ocular  hazard  distance  (NOHD):  The  NOHD  is  the  distance  from  the  operating 
laser  at  which  the  radiant  exposure  or  irradiance  within  the  beam  equals  the  applicable 
exposure  limit. 

On-axis:  the  exact  centerline  of  a  sight  picture,  used  as  a  reference  line  from  which  to 
measure  degrees  off-axis 

Optical  density  (OD):  a  logarithmic  expression  for  the  attenuation  produced  by  an 
attenuating  medium,  such  as  an  eye  protection  filter. 

Optical  materials:  common  materials  for  lenses  and  cover  platec,  including  glasses, 
plexiglass,  and  quartz  for  visible  light,  and  germanium  for  certain  sensors 

Optically  pumped  lasers:  a  type  of  laser  that  derives  energy  from  another  optical 
radiation  source  such  as  a  xenon  flash  lamp  (coherent  light  sources  have  also  been  used) 

Optical  radiation:  electromagnetic  wavelengths  between  100  nm  and  1mm 

PAR:  photosynthetically  active  radiation 

Photon:  a  massless  "particle''  of  electromagnetic  radiation,  with  energy  equal  to  he/ A, 
where  h  is  Planck's  constant  (6.63  x  10"’^  joule-second)  and  c/\  is  the  frequency  of  the 
radiation  (speed  of  light  divided  by  wavelength) 

Picosecond:  a  unit  of  time  equal  to  10"^  seconds,  one  thousand-billionth  of  a  second 

Point  source:  ideally,  a  source  with  infinitesimal  dimensions,  practically,  a  source  of 
radiation  whose  dimensions  are  small  compared  with  the  viewing  distance 

Pulse  repetition  rate  (PRR):  also  called  pulse  repetition  frequency  (PRF),  the  number  of 
pulses  emitted  per  unit  time 

Pulse  repetition  time  (PRT):  the  reciprocal  of  the  pulse  repetition  rate  (PRR)  PRT 
£RF  ,  the  period  or  time  duration  between  the  beginning  of  two  pulses 
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Pulsed  laser:  a  laser  that  delivers  its  energy  in  short  pulses,  as  distinct  from  a  CW 
laser.  A  laser  that  emits  for  less  than  0.25  sec. 


Q-switched  (Q-spoiied):  "Q"  stands  for  quality  factor  and  is  a  carryover  from 
terminology  used  in  electronic  theory.  This  Is  a  way  to  produce  short  pulses  (of 
nanosecond  duration)  by  spoiling  the  laser  optical  cavity  until  sufficient  energy  is  built  up 
in  the  population  inversion.  The  Q  switching  "gate"  is  then  opened,  allowing  an  enormous 
burst  of  energy  to  be  released  in  an  extremely  short  period  of  time. 

R&D:  Research  and  Development 

Radian:  a  unit  of  angular  measure  equal  to  the  angle  subtended  at  the  center  of  a  circle 
by  a  chord  whose  length  is  equal  to  the  radius  of  the  circle  (2.5  radians  =  360°) 

Radiance:  radiant  flux  or  power  output  per  unit  solid  angle  per  unit  area,  expressed  in 
watts  per  steradian  per  square  centimeter  (W/sr/cm2) 

Radiant  energy:  energy  which  is  in  the  form  of  electromagnetic  waves 

Radiant  exposure:  the  total  incident  energy  per  unit  surface  as  a  per  unit  of  time 
interval.  It  is  used  to  express  exposure  to  pulsed  laser  radiation  and  is  commonly 
expressed  in  j/cm  ,  also  called  fluence. 

Radiant  flux  or  radiant  power:  the  time  rate  of  flow  of  radiant  energy,  usually  expressed 
in  watts  (one  watt  =  one  joule  per  second) 

Radiant  intensity:  the  strength  or  radiant  power  of  a  source  in  a  given  direction  - 
radiant  flux  emitted  from  the  source  per  unit  solid  angle  (steradian)  in  the  direction  of 
propagation,  usually  expressed  in  W/sr,  also  called  brightness 

Rangefinder:  A  device  which  measures  reflection  times  of  a  laser  beam  to  determine 
distances  between  laser  source  and  target 

RCRA:  Resource  Conservation  and  Recovery  Act  of  1976. 

Red  laser:  a  laser  operating  in  the  visible  red  band,  typically  a  ruby  laser 

Reflectance  or  reflectivity:  the  ratio  of  reflected  radiant  power  to  incident  radiant 
power 

Repetitively  pulsed  laser:  a  laser  with  recurring  pulsed  output.  Repetitively  pulsed 
lasers  have  properties  similar  to  CW  lasers  if  the  PRF,  or  duty  cycle,  is  very  high. 

Scattering:  deflection  of  light  by  atoms,  molecules  and  small  particles  whose  size  is  near 
the  wavelength  of  light 

Scintillation:  a  term  frequently  used  to  describe  the  effect  upon  a  laser  beam  by 
atmospheric  turbulence 

Semiconductor:  laser  (inject  diode  laser).  See  diode  laser. 

Shield:  a  mechanism  to  prevent  electromagnetic  energy  from  entering  and/or  leaving  a 
specific  place 
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Solid  state  laser i  a  laser  which  uses  a  doped  crystal  or  glass  as  the  lasing  medium 

Speckle:  the  shimmering  granular  appearance  of  laser  light  reflected  from  a  diffuse 
surface 

Specular  reflection!  the  reflection  of  light  from  a  very  smooth  (mirror-like)  surface 

Steradian:  a  unit  of  measure  equal  to  the  solid  angle  subtended  at  the  center  of  a  sphere 
by  an  area  equal  to  the  radius  squared  on  the  surface  of  the  sphere.  (The  total  solid 
angle  of  a  sphere  is  4  steradians). 

Strehl  ratio:  a  measure  of  beam  quality  expressed  as  the  ratio  of  the  actual  beam 
intensity  at  the  target  to  the  theoretically  perfect  beam  intensity  at  the  target.  A 
perfect  beam  would  have  a  strehl  ratio  of  one. 

TEMt  transverse  electromagnetic  mode 

Transmissivity:  a  measure  of  the  portion  of  radiation  that  passes  through  an  optical 
material  Wavelength  dependent. 

Transmittance:  the  ratio  of  total  transmitted  radiant  power  to  total  incident  radiant 
power 

TSCA:  Toxic  Substances  Control  Act  of  1976. 

Turbulence:  swirling  of  air  causing  refractive  index  variations  which  defocus  or  bend 
parts  of  the  beam  (e.g.,  shimmering  of  an  image  above  a  hot  street) 

Ultraviolet  radiation  (UV):  electromagnetic  radiation  with  wavelengths  between  soft  x- 
rays  and  visible  violet  light,  often  broken  down  into  UV-A  (315-400  nm),  UV-B  (280-315 
nm)f  and  UV-C  (10-280  nm) 

Visible  radiation:  electromagnetic  radiation  which  can  be  detected  by  the  human  eye.  It 
is  commonly  used  to  describe  wavelengths  which  lie  in  the  range  between  400  and  700  nm 
(0.4  to  0.7  y  m). 

Watt  (w):  a  unit  of  power,  or  radiant  flux.  One  watt  equals  1  joule  per  second. 

Watt/cm^:  a  unit  of  irradiance  used  in  measuring  the  amount  of  power  per  unit  area  of 
absorbing  surface,  or  per  area  of  CW  laser  beam 

Wavelength:  The  distance  between  two  points  in  a  periodic  wave  which  have  the  same 
phase  is  termed  one  wavelength.  The  speed  of  light  (3x10*°  cm/s)  divided  by  frequency 
(in  Hz)  equals  wavelength  (in  cm). 

WSMR:  White  Sands  Missile  Range 

YAG:  Yttrium  Aluminum  Garnet.  Slang  for  Nd:  Y AG  laser. 


Laser  Hazards: 
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Excerpted  from  TB279 

LASER  HAZARD  CLASSIFICATION 


C-l.  Genera!.  Classification  of  essentially  all  lasers 
requires  the  following  radiometric  parameters: 

a.  Wavelength  (s)  or  wavelength  range 

b.  For  CW  or  repetitively  pulsed  lasers:  average 
power  output  and  limiting  exposure  duration 
inherent  to  the  design  of  the  laser  or  laser  system, 
Ta, 

e.  For  pulsed  lasers:  total  energy/pulse  (or  peak 
power),  pulse  duration,  PRF,  and  emergent  beam 
radiant  exposure. 

C-2.  Extended  Source  Lasers.  Classification  of 
extended-source  lasers  or  laser  systems,  such  as 
injection  laser  diodes,  diode  arrays,  and  those  lasers 
having  a  permanent  diffuser  within  the  output 
optics,  requires  in  addition  to  the  parameters  listed 
in  paragraph  C-l  the  laser  source  radiance  or  in¬ 
tegrated  radiance  and  the  maximum  viewing  angular 
subtense. 

C-3.  Exempt  Laser  Output  Power  (P..^,,)  or 
Exempt  Laser  Output  Energy  In  a 

"worst-case”  analysis  of  a  laser’s  potential  for  pro¬ 
ducing  injury,  it  is  necessary  to  consider  not  only 
the  laffer  output  irradiance  or  radiant  exposure,  but 
also  whether  a  hazard  would  exist  if  the  total  laser 
output  were  concentrated  within  the  defining 
aperture  for  the  applicable  protection  standard.  For 
instance,  the  unfocussed  beam  of  «  far-infrared  CW 
laser  would  not  normally  be  hazardous  if  the  beam 
irradiance  were  loss  than  0.1  W*ci.v*;  however,  if 
the  output  power  were  100  W  and  the  beam  were 
focused  at  some  location  to  a  1  mm  spot,  a  serious 
hazard  could  exist.  These  terms  must  be  defined  in 
two  different  ways  depending  upon  whether  or  not 
the  laser  itself  is  considered  an  “extended  source”  (an 
unusual  case) : 

a.  For  most  lasers  P„_,  and  are  each  the 

product  of : 

(1)  The  intrabeam  protection  standard  for  the 
eye  (table  B-l)  for  the  limiting  exposure  duration 
T  max,  and 

(2)  The  circular  area  of  the  defining  aperture 
for  the  protection  standard  (table  B-l),  in  cm  1 

b.  For  extended-source  lasers  (e.g.  laser  arrays, 

laser  diodes,  and  diifusrd-ou.pt.:  lasers)  which  emit 
in  the  spectral  range  of  (U  to  14  pm,  and 

Q««»t  are  determined  by  that  power  or  energy  out¬ 
put  such  that  the  source  radiance  does  nU  exceed  the 
protection  standard  (table  B-2)  if  the  source  were 
viewed  at  the  minimum  viewing  distance  through  a 
theoretically  perfect  optical  viewing  system  with  an 
entrance  aperture  of  8  cm  which  collected  the  entire 
laser  beam  output  and  which  had  a  7mm  exit  pupil.  If 


this  definition  is  difficult  to  apply,  the  definition  in  a 
above  may  be  applied  and  will  result  in  a  conservative 
P.IHIM  or  Q.in,!. 

C-4.  Classification  of  Multiwavelength  Lasers. 
The  classification  of  laser  devices  which  can  po¬ 
tentially  emit  at  numerous  wavelengths  shall  be 
baaed  on  the  most  hazardous  possible  operation. 

C-5.  Laser  Device  Hazard  Classification  Defini¬ 
tions.  a.  CJats  I — Exempt  Later  Pc  rices.  Any  ln-or 
device  that  cannot  emit  laser  radiation  V\cls  in 
excess  of  or  for  the  maximum  p<<—'.Me 

duration  inherent  to  the  design  of  the  laser  or  laser 
system.  The  exemption  from  hazard  controls  strictly 
applies  to  emitted  laser  radiation  hazards  and  not 
to  other  potential  hazards. 
b.  Clots  II — Low  Power  Visible  Later  Devices. 

(1)  Visible  (400  nm  to  700  nm)  CW  laser  de¬ 
vices  which  can  emit  a  power  exceeding  for 

the  maximum  possible  duration  inherent  to  the 
design  of  the  laser  or  laser  system  (0.4  ^W— for 
T»u  greater  than  10 4  seconds),  but  not.  exceeding 
ImW. 

(2)  Visible  (400  nm  to  700  nm)  repetitively 
pulaed  laser  devices  which  can  emit  a  power  ex¬ 
ceeding  the  appropriate  P,,,,*,  for  the  maximum 
possible  duration  inherent  to  the  design  of  the  laser 
device  but  not  exceeding  P„,^,  for  a  0.25  s  exposure. 

e.  Clast  III — Medium  Power  Laser  Devices. 

(1)  Infrared  (1.4  pm — 1  mm)  and  Ultraviolet 
(200  nm  to  400  nm)  laser  devices  which  can  emit  a 
radiant  power  in  excess  of  P.,,*,,  for  the  maximum 
possible  duration  inherent  to  the  design  of  the  laser 
device  but  cannot  emit  an  average  radiant  power  of 
0.5  W  or  greater  for  T.*,  greater  than  0.25s,  or  a 
radiant  exposure  of  10  J*cnr*  within  an  exposure 
time  of  0.25  s  or  less. 

(2)  Visible  (400  nm  to  700  nm)  CW  or 
Repetitive  Pulsed  Laser  Devices  producing  a  radiant 
power  in  excess  of  P„,B,t  for  a  0.25  s  exposure  (1  mW 
for  a  CW  laser),  but  cannot  emit  an  average  radiant 
power  of  0.5  W  or  greater  for  Ta.,  greater  than  0.25  s. 

(8)  Visible  and  Near-infrared  (400  nm  to 
1400  nm)  Pulsed  Laser  Devices  which  can  emit  a 
radiant  energy  in  excess  of  Q„„„  but  which  cannot 
emit  a  radiant  exposure  that  exceeds  that  required 
to  produce  a  hazardous  diffuse  reflection  as  given  in 
table  D-l. 

(4)  Near-infrared  (700  nm  to  1400  nm)  CW 
Laser  Devices  or  Reptitively  Pulsed  Laser  Devices 
which  can  emit  power  in  excess  of  P,ira#,  for  the 
maximum  duration  inherent  in  the  design  of  the  laser 
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do  '.c*.  hut  cannot  emit  5n  ivtrt^  power  of  0.5  W  or 
greater  for  periods  in  excess  of  0.25  s. 
d.  Class  IV- High  Power  Lattr  Devices. 

(1)  Ultraviolet  (200  nm  to  400  nm)  and  Infrarad 
11.4  pm—  1  mm!  Laser  Devices  which  emit  an 
average  power  of  0.6  W  or  greater  for  periods  greater 
than  0.25  s,  or  a  radiant  exposure  of  10  J-cm~* 
within  an  exposure  duration  of  0.25  s  or  less. 

(2!  Visible  (400  nm  to  700  nm)  and  Near- 
Infrared  (700  nm  to  1400  nm)  Laser  Devices  which 
emit  an  average  power  of  0.6  W  or  greater  for  periods 


greater  than  0  25  s.  or  a  radiant  txj»o«ure  in  excess  of 
that  required  to  produce  a  hazardous  diffuse 
reflection  as  given  in  Table  D  —  1. 

e.  Class  V— Enclosed  Lastr  Devices.  Any  class 
II,  III,  or  IV  laser  devices  which,  by  virtue  of  ap¬ 
propriate  design  or  engineering  controls,  cannot 
directly  irradiate  the  eye  with  levels  which  are  in 
excess  of  P  exempt  or  Q  exempt. 

C-6.  Examples.  Tables  C-l  and  C-2  provide 
examples  of  hazard  classification  for  some  typical 
lasers. 


8.  General  Hazard  Controls  For  Laser  Radistioo. 

a.  Hazard  controls  vary  depending  on  the  type  of 
laser  being  used  and  the  manner  of  its  use.  Most 
control  measures  depend  upon  the  laser  classification 
an  specified  in  appendix  C.  In  general,  a  class  I  laser 
device  is  one  that  is  considered  to  be  incapable  of 
producing  damaging  optical  radiation  levels  and  is, 
therefore,  exempt  from  any  control  measures  or 
other  forms  of  surveillance.  A  class  II  Laser  device 
may  be  viewed  directly,  but  must  have  a  cautionary 
label  affixed  to  the  device  warning  against  con¬ 
tinuous  intrabeam  viewing  (staring  into  the  beam). 


A  class  III  medium  power  loser  device  requires 
control  measures  that  shall  prevent  intrabeam 
viewing.  A  class  IV  High  Power  Laser  Device 
requires  the  use  of  controls  which  shall  prevent 
exposure  of  the  eye  and  skin  to  the  direct  and  dif¬ 
fusely  reflected  beam  and  the  termination  of  the 
unused  beam  (s)  by  fire-resistant  backstops.  Class  V 
Enclosed  Laser  Devices  are  either  class  II,  class  III 
or  cless  IV  lasers  contained  in  a  protective  housing 
and  operated  in  such  a  manner  as  to  be  incapable  of 
emitting  hazardous  radiation  from  the  enclosure. 
Only  a  stringent  control  system  permits  a  laser  to 
qualify  as  class  V 


b.  It  must  be  remembered  that  the  classiticauon 
scheme  given  in  paragraph  76  relates  specifically  to 
the  laser  device  itself  and  its  potential  hazard,  based 
on  operating  characteristics.  However,  the  en¬ 
vironment  and  conditions  under  which  the  laser  is 
used,  the  safety  training  of  persons  using  the  laser 
and  other  environmental  and  personnel  factors,  may 
play  a  role  in  determining  the  full  extent  of  hazard 
control  measures.  Since  such  situations  will  require 
in  formed  j  ud  gements  by  responsible  persons,  major 
responsibility  for  such  judgements  should  be 
-  qu-lified  person,  namely  a  User 
Safety  Officer.  Only  properly  indoctrinated  persons 
shall  be  designated  User  Safety  Officers  or  be 
placed  in  charge  of  class  III  ar.d  IV  las*  in- 
stallations  or  operations.  The  complete  enclosure  of  a 
laser  beam  (an  enclosed  laser)  shall  be  used  whwi 
feasible.  A  dosed  installation  provides  the  next  most 
desirable  hazard  control  measure.  Following  are 
details  relating  to  safe  laser  ooeration  in:  — 


(1)  An  outdoor  environment  where  adminis¬ 
trative  controls  often  provide  the  only  reasonable 
approach. 

(2)  An  indoor  environment  where  engineering 
controls  should  play  the  greatest  role. 

c.  Outdoor  User  Installations. 

(1)  Class  11  low  power  laser  devices.  The  beam 
should  be  terminated  where  readily  feasible  at  the 
end  of  the  useful  beam  path  and  the  laser  should  not 
be  directed  at  personnel  who  are  not  cognizant  of 
their  illumination. 

(2)  Class  III  and  IV  lasers. 

(a)  Personnel  shall  be  excluded  from  the 
beam  path  at  all  points  where  the  beam  irradiance  or 
radiant  exposure  exceed  the  appropriate  Protection 

'  Standard.  This  shall  be  accomplished  by  the  use  of 
physical  barriers,  administrative  controls,  the  use  ot 
interlocks  and  by  limiting  the  beam  traverse. 

(b)  The  tracking  of  nontarget  vehicular 
traffic  or  aircraft,  whether  intentional  or  inad¬ 
vertent,  shall  be  prohibited  within  the  calculated 
hazardous  distances  of  class  III  or  IV  lasers. 

(c)  The  beam  path(s)  shall  be-  cleared  of  all 
flat  specular  surfaces  capable  of  producing  reflec¬ 
tions  that  are  potentially  hazardous,  or  eve 

protection  should  be  required  for  all  personnel  within 
the  hazardous  area. 

(d)  Paragraphs  10  and  11  provide  detailed 
guidance  applicable  to  range  control  of  lase.- 
rangenndera,  illuminators  and  designators. 

(3)  Class  IV  laser.  Operation  of  class  IV  High 
Power  Laser  Devices  while  it  is  raining  or  snowing  or 
when  there  is  dust  or  fog  in  the  air  should  be  avoided 
without  the  wearing  of  laser  protective  eyewear  by 
oersonnel  within  the  immediate  vicinity  of  the  beam. 
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LASERS 


The  Threshold  Limit  Values  (TLVs)  are  for  exposure  to 
laser  radiation  under  conditions  to  which  nearly  all  work¬ 
ers  may  be  exposed  without  adverse  effects.  The  values 
should  be  used  as  guides  in  the  control  of  exposures  and 
should  not  be  regarded  as  fine  lines  between  safe  and  dan¬ 
gerous  levels.  They  are  based  on  the  best  available  infor¬ 
mation  from  experimental  studies. 

limiting  Apertures 

The  TLVs  expressed  as  radiant  exposure  or  irradiance  in 
this  section  may  be  averaged  over  an  aperture  of  1  mm 
except  for  TLVs  for  the  eye  in  the  spectral  range  of  <00-1400 
nm,  which  should  be  averaged  over  a  7  mm  limiting  aper¬ 
ture  (pupil);  and  except  for  all  TLVs  for  wavelengths  be¬ 
tween  0.1-1  mm  where  the  limiting  aperture  is  10  mm.  No 
modification  of  the  TLVs  is  permitted  for  pupil  sizes  less 
than  7  mm. 


The  TLVs  for  extended  sources  apply  to  sources  which 
subtend  an  angle  greater  than  a  (Table  5)  which  varies  with 
exposure  time.  This  angle  is  not  the  beam  divergence  of 
the  source. 

Correction  Factors  A  and  I  (Ca  and  Ct) 

The  TLVs  for  ocular  exposure  in  Tables  3  and  4  are  to  be 
used  as  given  for  all  wavelength  'anges.  The  TLVs  for  wave¬ 
lengths  between  700  nm  and  1049  nm  are  to  be  increased 
by  a  uniformly  extrapolated  factor  (GO  as  shown  in  Figure 
2.  Between  1049  and  1400  nm,  the  TLV  has  been  increased 
by  a  factor  (CO  of  five.  For  certain  exposure  times  at  wave¬ 
lengths  between  550  nm  and  700  nm.,  correction  factor 
(Ct)  must  be  applied. 

The  TLVs  for  skin  exposure  are  given  in  Table  6.  The 
TLVs  are  to  be  increased  by  a  factor  (Ct)  as  shown  in  Figure 
2  for  wavelengths  between  700  nm  and  1400  nm.  To  aid  in 
the  determination  of  TLVs  for  exposure  durations  requiring 
calculations  of  fractional  powers  Figures  3,  4,  5  and  6  may 
be  used. 
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Repetitively  Putwd  Inert 

Since  there  ere  few  experimental  dele  for  multiple 
pulses,  caution  must  be  used  in  the  evaluation  of  such  ex* 
posures.  The  protection  standards  for  irradiance  or  radiant 
exposure  in  multiple  pulse  trains  have  the  following  limita¬ 
tions: 

(1)  The  exposure  from  any  single  pulse  in  the  train  is  limit¬ 
ed  to  the  protection  standard  for  a  single  comparable 
pulse. 

(2)  The  average  irradiance  for  a  group  of  pulses  is  limited 
to  the  protection  standard  as  given  in  Tables  3, 4,  or  6 
of  a  single  pulse  of  the  same  duration  as  the  entire 
pulse  group. 


(3)  When  the  instantaneous  Pulse  Rp|<eliiion  frequency 
(PRF)  of  arty  pulses  within  a  train  t»<  eeds  one,  the 
protection  Standard  applicable  to  each  pulse  is  re¬ 
duced  as  shown  in  figure  6  for  pulse  durations  less 
than  10'  second.  For  pulses  of  greater  duration,  the 
following  formula  should  be  followed: 

.  j  A'"*le  putse\  Standard  (pulse  nt) 

Sund*d  l*  train  J - S - 

vdsere: 

n  *  number  of  pulses  in  train 
T  «  duration  of  a  single  pulse  in  the  train 
Standard(nT) »  protection  standard  of  one  pulse  having 
a  duration  equal  to  rrr  seconds. 


| 

W(h)m||||  (mat 


Figure  2  —  TIV  correction  (actor  tor 
100-  1400  nm* 

"For  a  -  700  -  1049  nm.  C,  - 
For  X  -  1050  -  1400  nm,  Cj  -  5 


i 
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to'*  iot*  io'T  io'*  io's  to'*  io‘J  w*  io'1  i.o 

exposure  duration  (SI 

Figure  3a  —  TIV  for  extended  sources  or  diffuse  reflections  of  User  radiation  (400-700  nm). 


Figure  Sk  —  TIV  for  intrabeam  (direct)  viewing  of  CW  laser  beam  (400-1400  nm). 


•uck  aoCTrroi  nweueiCT,  v«e  imi 


Figure  I  —  Multiplicative  contction  (actor  for  repetitively  pulsed  lasers  having  pulse  durations  less  than 
10  '  second.  11V  for  a  single  pulse  of  the  pulse  train  is  rnuttipfed  by  the  above  conection  factor. 
Conection  factor  tor  PfiF  greater  than  1000  Hi  ts  0  08. 
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TABLE  3 

Ttutshold  LimK  Value  for  Direct  Ocular  Exposure* 
(Intrabum  Viewing)  from  a  Laser  Beam 


Spectral 

Region 

UVC 

UVB 


IR-B  6  C 


Wav*  Lenglh 

200  nm  to  280  nm 
280  nm  to  302  nm 

303  nm 

304  nm 

305  nm 

306  nm 

307  nm 

308  nm 

309  nm 

310  nm 

311  nm 

312  nm 

313  nm 

314  nm 

315  nm  to  400  nm 


400  nm  lo  700  nm 
400  nm  to  700  nm 
400  nm  to  549  nm 
550  nm  to  700  nm 
550  nm  to  700  nm 
400  nm  to  700  nm 
700  nm  to  1049  nm 
700  nm  to  1049  nm 
1050  nm  to  1400  nm 
1050  nm  to  1400  nm 
700  nm  lo  1400  nm 
1.4  Jim  to  10* /am 


Exposure  Time. 
It)  Seconds 


10'*  to  3  *  10‘ 


10'* to  10 
10  to  10* 

10*  to  3  x  10* 
10'*tO  1.8  x  !0-‘ 
1.8  x  10'*  to  10 
10 10  10* 

10  lo  T, 

T,tol0* 

10*  to  3  x  10* 

10-*  to  1.8  x  10'* 
1.8  x  10  ‘to  10* 
10  *to  10'* 

10'* to  10* 

10*  to  3  x  10* 

10  Mo  IQ'’ 

10-’  to  10 
10  to  3  x  10* 


3  mJ  •  cm'*  ’ 

3 

4 
6 
10 

16  “ 

25  ►  J? 

<0  "  ,or 

63 

too 

160 

250 

400 

630  r 

.56 1  J  •  cm'* 

1.0  J  •  cm'* 

1.0  mW  ecm-' 

5  x  10  'J  •  cm'* 

1.8  (t/  VOmJecm'* 
10mJ*cm'* 

1.8(1/  *"T)mJ*cm'* 

10  Ci  mJ  •  cm'* 

C,  mW  •  cm'* 

5  C*  x  10'*  J  •  cm'* 

1  8C,  (t/  VO  mJ  •  cm-* 
5  x  10~*  J  •  cm'* 

9(1/  V")  mJ  *  cm'* 

320  C„  „W  •  cm** 

10'*  J  •  cm* 

0.56  VT J  •  cm'* 

0.1  W  •  cm-* 


•not  to  exceed  0.56 1*  J  •  cm'* 
tort*  10  s. 


c:  :  -  400  IQ  SM  c.  -  ro—  *  —  far  »  -  S50  W 

T-To  » to.  »- nm;  T.  -  10  «  10 - 
bSO  lo  700  n 


table  4 

Threshold  limit  Values  for  Viewing  a  Diffuse  Reflection 
of  a  Laser  Beam  or  an  Extended  Source  Laser 


Spectral 

Region 

UV 

Light 


IR-B  &  C 


Wave  Lengtb 
200  nm  to  400  nm 
400  nm  to  700  nm 
400  nm  to  549  nm 
550  nm  to  700  nm 
550  nm  to  700  nm 
400  nm  to  700  nm 
700  nm  to  1400  nm 
700  nm  to  1400  nm 
700  nm  to  1400  nm 
1 .4  fan  to  1  mm 


Exposure  Time, 
(t)  Seconds 
10  *  to  3  x  10* 
10- Mo  10 
10  to  10* 

10  to  T, 

T,  to  10* 

10*10  3  x  10* 

10  Mo  10 
10  to  10* 

10*  to  3  x  10* 
10'Mo  3  x  10* 


TLV 

Same  as  Table  3 

10  if  t  J  •  cm  *  *sr* 

21  J  •  cm'*  •sr1 
3  83  (t  /  VO  J  •cm  *«sr* 

21  C,J  •cm'*  •sf* 

2.1  C»t  x  10  * W  •  cm  *  •sr1 
10  C,  rT  J  •  cm  *  •  sr* 

3  83  C*  (1/  VT)J  •cm-’esr* 
0  64  C4W  •cm'*»sr'1 
Same  as  Table  3 


t,.  C,.  «n 1 1,  JI«  1li«  i  .vn«  ?s  m  lorlnolt  lo  TjelO  3. 
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TABLE  5 

Limiting  Anglt  to  Extended  Source 
Which  Miy  Be  Used  (or  Applying  Extended  Source  TLVt 


Exposurt  Durition(t) 

Angla  a  (mrad) 

io-« 

8.0 

10** 

S.4 

io-T 

37 

10** 

2.5 

10-* 

1.7 

10** 

2.2 

10-* 

3.6 

10-* 

57 

10-' 

92 

1.0 

15 

10 

24 

10* 

24 

10* 

24 

10* 

24 

TABLE  6 

Threshold  Liml  Value  (or  Skin  Exposure  horn  a  Laser  Beam 

Spectral 

Region 

Wave  Length 

Exposure  Time, 

(t)  Seconds 

TLV 

UV 

200  nm  to  400  nm 

10  *to3  x  10* 

Same  as  Table  3 

Light  A 

400  nm  to  1400  nm 

10‘*  to  10-* 

2  C„  x  10  *  J  •  cm** 

IR-A 

"  ** 

10'Mo  10 

1.1  C„  t  J  •  cm-1 

IR  B  &  C 

1.4  jam  to  1  mm 

10  •  3  x  10* 

Same  as  Table  3 

C,  -  t  0  lor  » 

-  400-700  nm.  sat  Fgun  2  lor  X  •  700  to  1400  nm 

Documentation  for  I  asera 
Background 

A  laser  (fight  amplification  by  the  stimulated  emission 
of  radiation)  is  a  device  which  emits  electromagnetic  radi¬ 
ation  having  wavelengths  in  the  optical  region  (100  nm  to  1 
mm).  The  radiation  emitted  by  a  laser  is  coherent.  Thus,  the 
beam  is  typically  monochromatic  and  highly  collimated  in 
contrast  to  the  output  of  conventional  optical  sources. 

The  eye  and  skin  are  critical  organs  for  laser  radiation 
exposure  The  type  of  effect,  threshold  values,  and  damage 
mechanisms  vary  significantly  with  wavelength.  In  addi¬ 
tion,  the  eye  is  more  vulnerable  to  optical  radiation  than 
skin.  Consequently,  exposure  standards  have  emphasized 
protection  of  the  eye. 

for  purposes  of  specifying  this  TIV,  the  optical  radiation 
spei  Iruin  has  been  divided  by  wavelength  into  regions  as 
shown  in  Table  1.  ; 

Biologic  Effects 

UV  C  and  almost  all  UV-B  radiation  is  ab'Orbed  within 
the  tornra  and  conjunctiva,  whereas  UV  A  radiation  is  ab¬ 
sorbed  largely  in  the  lens.  Exposure  to  actinic  UV  (UV-B 
and  C)  laser  radiation  may  lead  to  the  acute  effects  of  cor¬ 
neal  pholokcratitis  (corneal  inflammation)  and  conjunctiv¬ 
itis  far  greater  levels  of  UV-A  are  required  to  produce  ker¬ 
atitis  by  a  photo,  hemic  al  n.ec  hanism  UV-A  thermal  injury 
to  the  lens  and  rumea  is  not  normally  seen  at  exposure 
durations  greater  than  1  ms. Hi  The  peak  sensitivity  for  cor¬ 
neal  injury  is  believed  to  be  around  270  nm  with  a  drop  off 


in  the  action  spectrum  in  each  direction.  Although  in  the 
aetinic-UV  region,  the  cornea  is  not  substantially  more  sen¬ 
sitive  to  injury  than  untanned  Caucasian  skin,  damage  to 
the  cornea  is  much  more  disabling  (and  painful)  than  in¬ 
jury  to  the  skin.  And  repeated  exposure  of  the  curnea  does 
not  result  in  development  of  natural  protection  as  thicken¬ 
ing  of  the  stratum  corneum  and  tanning  provides  for  the 
skin.  Although  UV-A  is  absorbed  mote  heavily  in  the  lens, 
it  is  excessive  UV-B  exposure  which  is  most  offer  live  in 
cataract  formation  in  spite  of  the  very  small  fraction  of  UV- 
B  that  reaches  the  lens.t’t 

In  the  visible  ana  IR-A  regions  (400  1400  nm)  the  iclina 
is  primarily  affected.  This  is  due  to  the  transparency  of  the 
ocular  media  and  to  the  .inherent  (ch  using  pmpi-rties  of 
the  eye.  The  foi  using  properties  in  this  legion  lender  the 


TABLE  1 

Regions  of  the  Optical  Radiation  Spectrum 


Region 

Wavelength  Range 

Ultraviolet 

100  to  180  -100  nm 

UV-C 

100  10  280  nm 

UV-B 

280  to  IIS  320  nm 

UV-A 

315  320  to  380  400  nm 

tight  (Visible) 

380  400  to  260-780  nm 

Inflated  (IR) 

7b0  /  CO  r,m  to  1  mm 

IR-A 

760  "60  nm  to  1,4p.m 

IR-B 

1.4  3  0|im 

IR-C 

3  0  pm  -  1  mm 
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retina  much  more  susceptible  to  damage  than  an/ other 
pan  of  the  body.  The  optical  gain  in  irradiance  of  the  eye  It 
approximately  100,000  for  point  source.  Mott  of  the  radia¬ 
tion  that  reaches  the  back  of  the  eye  it  absorbed  by  the 
retinal  pigmented  epithelium  (RPt)  and  by  the  choroid 
(which  supplies  blood  to  adjacent  layers  of  the  retina).  The 
photopigments  in  the  retina  absorb  only  a  small  fraction  of 
the  incident  radiation,  perhaps  lest  than  SV 

In  the  1R-B  and  C  regions  of  the  spectrum  (£1.4  jun), 
the  ocular  media  become  opaque  as  the  absorption  by  wa¬ 
ter,  a  major  constituent  of  all  biological  tissue,  is  very  high 
in  this  region.  Thus  the  damage  in  this  infrared  region  is 
primarily  to  the  cornea,  although  lens  damage  has  also 
been  suggested  with  infrared  radiation  at  wavelengths  be¬ 
low  3  pm  (IR-A  and  B).  The  infrared  damage  mechanism 
appears  to  be  thermal,  at  least  for  the  longer  wavelengths. 
The  COi  laser  at  10.6  pm  in  its  action  on  all  materials  con¬ 
taining  water  exemplifies  the  thermal  nature  of  the  dam¬ 
age.  In  the  IR  C  region,  as  in  the  ultraviolet,  the  threshold 
for  damage  to  the  skin  is  comparable  to  that  of  the  cornea. 
However,  the  damage  to  the  cornea  is  likely  to  be  of  great¬ 
est  concern. 


Rationale  for  the  TIV 

To  establish  a  rationale  for  developing  permissible  ex¬ 
posure  limits  from  biologic  data  required  a  careful  analysis 
of  1)  the  physical  and  biologic  variables  influencing  the 
variability  q(,  the  laboratory  biologic  data,  2)  the  variables 
influencing  the  potential  for  injury  in  individuals  exposed 
to  laser  radiation,  3)  the  increase  in  severity  of  injury  for 
supra-threshold  exposure  doses,  4)  the  injury  mechanism, 
and  5)  the  reversibility  of  injury. Additionally,  the  accura¬ 
cy  of  instruments  available  for  radiometric  measurements 
and  the  desire  for  simplicity  in  expressing  the  levels  have 
influenced  the  threshold  limit  levels.  Chronic  exposure  lev¬ 
els  of  UV,  visible  and  IR  radiation  encountered  by  man  in 
his  natural  environment  were  carefully  evaluated.!**  When 
the  changing  spectrum  and  angle  of  incidence  of  both  di¬ 
rect  and  scattered  solar  radiation  was  considered,  it  was 
possible  to  establish  TLVs  for  continuous  (15  minute  to  8 
hours),  daily  exposure  to  the  eye  and  skin. 

Without  an  understanding  of  the  mechanisms  of  injury, 
there  could  be  no  assurance  that  injurious  effects  would 
not  appear  long  after  exposure  to  levels  below  acute 
thresholds,  perhaps  many  years  following  active  use  of 
such  lasers.  The  ocular  effects  are  by  far  the  most  impor¬ 
tant,  and  here  delayed  effects  would  probably  ensue  from 
chronic  exposure  of  the  lens  and  anterior  portion  of  the 
eye  to  UV-B  and  IR-A  radiation.  Hence  there  has  been  a 
substantial  effort  to  understand  the  injury  mechanism  'or 
each  biologic  effect  in  order  to  judge  the  possibility  of 
delayed  effects. 

One  of  the  problems  in  developing  a  TIV  for  any  optical 
radiation  is  the  specification  of  the  limiting  aperture  over 
which  the  level  must  be  measured  or  calculated.  For  the 
skin,  where  no  focusing  takes  place,  one  would  like  to 
have  as  small  an  aperture  as  possible.  Unfortunately,  the 
smaller  the  aperture,  the  more  sensitive  an  instrument  must 
be;  the  greater  the  potential  inaccuracies  due  to  calibration 
problems;  and  the  more  difficult  the  calculations  may  be.  It 
was  fell  that  a  1-mtn  aperture  was  about  the  smallest  prac¬ 
tical  sire  to  consider.  Tor  continuous  exposure  conditions, 
heat  flow  and  scattering  in  the  skin  would  tend  to  climi- 


nate  any  advert*  effects  of  "hot  spots’*  which  were  smaller 
than  1  mm.  The  tame  arguments  hold  for  exposure  of  the 
cornea  and  conjunctiva  to  infrared  radiation  of  wave¬ 
lengths  greater  than  14  pm  and  ultraviolet  wavelengths  less 
than  400  nm.  Furthermore,  atmospherically  induced  "hot 
spots'*  and  the  mode  structure  in  multimode  lasers  seldom 
account  for  localiied  beam  irradiances  which  are  limited 
to  areas  lest  than  1  mm  in  diameter.  Another  problem  ap¬ 
pears  at  wavelengths  greater  than  0.1  mm.  At  these  far- 
infrared  wavelengths  the  aperture  site  of  1  mm  begins  to 
create  significant  diffraction  effects  and  calibration  be¬ 
comes  a  problem.  However,  "hot  spots"  must,  by  argu¬ 
ments  of  physical  optics,  be  generally  larger  than  at  shorter 
wavelengths,  for  this  reason  we  chose  an  apertuie  diame¬ 
ter  of  1  cm  or  11  mm  (which  has  a  1  cm*  area)  for  wave¬ 
lengths  greater  than  0.1  mm. 

Injury  thresholds  for  both  the  cornea  and  the  retina  vary 
considerably  with  wavelength.  It  was  necessary  to  consider 
the  degree  of  precision  required  to  track  the  actual  injury 
threshold  variation  with  wavelength.  Normally  the  solution 
to  this  problem  was  a  compromise:  the  TIVs  were  adjusted 
for  different  wavelengths  but  in  a  more  simplistic  manner 
than  the  actual  biological  data  would  often  suggest. 

Figure  2  of  the  current  laser  TIV  provides  the  reciprocal 
of  the  product  of  the  relative  spectral  transmittance  of  the 
ocular  media  and  retina  absorption,  which  is  an  indication 
of  the  relative  spectral  effectiveness  of  different  wave¬ 
lengths  in  causing  retinal  injury.t’VM  However,  this  curve 
does  not  show  the  relative  hazard  to  the  lens  of  the  eye  in 
the  near  infrared.  Thermal  injury  to  the  retina  resulting 
from  temperature  elevation  in  the  retinal  pigmented  ep¬ 
ithelium  is  the  principal  effect  for  exposure  durations  less 
than  10  seconds. 

Although  ambient  retinal  temperature  is  important,  it  is 
contributory  or  synergistic  rather  than  the  principal  factor. 
When  laser  exposures  occur  at  several  different  wave¬ 
lengths  and  in  different  time  domains  within  a  given  inter¬ 
val,  present  theories  cannot  predict  the  effect  of  interac¬ 
tion.  It  would  be  surprising  if  there  were  no  interaction, 
and  if  each  mode  acted  independently  of  the  others. 

All  of  the  known  injurious  effects  have  a  strong  wave¬ 
length  dependence.  Wavelength  is  especially  important  in 
long-term  exposures.  However,  little  is  well  understood 
about  the  wavelength  relationship  in  the  ultra-short  or  ex¬ 
tremely  long  time  domains. 

The  TIVs  in  the  far-infrared  region  were  based  upon  an 
understanding  of  the  possible  thermal  effects  on  the  cor¬ 
nea  and  a  knowledge  of  exposures  which  have  not  resulted 
in  adverse  effects  upon  the  eye.  Because  of  the  lack  of 
accurate  data  (or  the  infrared  laser  exposures  of  the  human 
eye,  worst-case  exposure  conditions  were  assumed.  Specif¬ 
ically,  it  was  assumed  that  absorption  takes  place  in  a  very 
thin  layer  at  the  anterior  surface  of  the  cornea.  This  condi¬ 
tion  is  best  represented  by  10  6  micrometer  COj  laser  expo¬ 
sures.  For  that  matter,  it  will  fit  as  well  exposure  of  the  eye 
to  any  wavelength  beyond  approximately  3  jim.  At  wave¬ 
lengths  less  than  3  (im  the  radiation  penetrates  into  the 
cornea  more  deeply,  and  significant  absorption  may  take 
place  in  the  aqueous  humor  and  even  the  lens. 

little  data  is  available  for  long  term  (chronic)  exposures 
to  laser  radiation,  fven  exposure  to  non  laser  sources  such 
as  bright,  small  source  lamps  and  high  luminance  extended 
sources  has  produced  insufficient  data  to  allow  extrapola- 
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Figure  D-1. 
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Nomograph  for  Down range  Exposures  from  Laser  Radiation* 


Integrated 

Radiant 


Beae  Intensity 

Divergence  CHJ/sr) 


Intensity 

(JK/sr) 


Radiant 

Exposure 

CpJ/ce2) 


I r radiance 
CpU/ce2) 


This  noeagrae  say  be  used  to  quickly  estleate  the  hazardous  range  of  eoet  lae 
devices  when  output  paraeeters  are  knovn.  A  line  Is  drawn  through  points  corresponding 
to  output  energy  and  boas  divergence  to  extend  to  radiant  Intensity  line.  A  second 
line  Is  extended  froe  the  Intersection  point  of  the  radiant  Intensity  scale  through  the 
peralssible  exposure  value  (see  TB  MED  279)  to  the  range  scale  to  provide  a  hazardous 
range  value  for  unaided  viewing.  Ataoepherlc  attenuation  Is  built  Into  the  range  scale 
for  an  attenuation  coefficient  of  10*^  cs"1  (clear)  and  10"®  esT1  (haze). 

•excerpted  from  AEHA  Laser  Optical  Hazards . Course  Manual,  ch.  9  (1979) 
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Piguxe  D-2  Nomograph  for  Laser  Pulse  Energy  and 
Power  Conversions 


AVERAGE  PEAK 

POWER  POWER 


This  nomograph  relates  the  energy  and  power  of  a  laser  beam  to  Its 
temporal  characteristics  (PRF  and  pulse  duration).  For  example,  the  line 
drawn  on  the  right  side  of  the  nomograph  shows  that  a  100-nanosecond  pulse 
containing  100  ml  111 joules  has  a  peak  power  of  1  Megawatt;  the  line  on  the 
left  shows  that,  for  the  100  mil 11 joule  pulse,  a  pulse  repetition 
frequency  of  10  hertz  corresponds  to  an  average  power  of  1  Watt. 
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DETERMINING  A  LASER  BEAM  DIAMETER  AND  DIVERGENCE 
TO  EVALUATE  POIWTIAL  RADIATION  HAZARDS  * 


1.  BACKGROUND.  To  uius  potential  health  hazards  to  individuals  from 
exposure  to  laser  radiation  requires  an  understanding  of  several  topics: 

a.  The  shape  or  profile  of  the  laser  bean  intensity  distribution. 

b.  How  this  profile  changes  as  the  bean  traverses  the  atmosphere. 

c.  The  defining  aperture  for  the  optical  radiation  protection  standards. 

2.  GAUSSIAN  BEAM.  The  bean  profile  at  a  fixed  distance  from  a  single-mode 
laser  (often  the  case  for  gas  lasers)  closely  resembles  a  Gaussian 
distribution.  He  can  express  this  distribution  mathematically  for  beam 
irradiance  E(*)  as  a  function  of  radial  distance  K  from  the  center  axis  of 
the  beam  by: 

E(A)  -  Ec,e-*2/2o2  (1) 

where  E0  is  the  peak  irradiance  and  o  is  a  constant  which  is  related  to  the 
width  of  the  distribution.  Normally,  the  radiant  exposure  beam  profile  at 
the  exit  of  a  solid-state  pulsed  ruby  laser  system  such  as  from  some  laser 
rangefinders  does  not  even  remotely  follow  a  Gaussian  distribution.  At  great 
distances  from  the  laser,  however,  the  beam  is  "truncated”  and  broken  up  into 
various  hot  spots.  This  change  in  the  shape  of  the  beam  occurs  due  to 
diffraction  at  the  lasers  projection  optics  as  well  as  interactions  between 
the  beam  and  the  atmosphere.  Measurements  of  maximal  beam  irradiance  at 
several  points  downrange  permit  the  calculation  of  an  effective  beam  diameter 
which  can  be  related  to  a.  Hence,  the  mathematics  of  equation  1  could  also 
be  used  for  a  pulsed  laser  system  with  beam  radiant  exposure  H(4)  as  a 
function  of  radial  distance  assuming  an  effective  value  for  o. 


3.  BEAM  DIAMETER.  The  diameter  of  a  laser  beam  is  not  directly  apparent  for 
a  Gaussian  distribution  as  opposed  to  a  rectangular  beam  profile  as  shown  in 
Figure  1.  Laser  technologists  have  defined  the  beam  diameter  in  different 
ways.  We  wish  to  define  the  beam  diameter  such  that  the  peak  irradiance  can 
be  readily  calculated.  Consider  the  total  power  contained  within  a  beam  with 
radial  synanetry.  This  total  power,  ♦,  is  given  by  the  following  integral: 


♦ 


E  {K)  <3Sl 


(2) 


where  2itA.  d*  is  the  differential  area  o?  an  infinite  diameter  circular 
aperture  thru  which  the  beam  passes.  Combining  equations  1  and  2  and 
integrating  we  obtain: 


"Excerpted  from  AEHA  Laser  Optical  Hazards  Course  Manual,  ch.  12  (1979) 
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h-BEAM  DIAMETER  ~H 


Figure  1 


A  Gaussian  Beam  as  Illustrated  in  the  Lower  Graph  has  no 
Clearly  Defined  Edge  as  does  the  Rectangular  Beam  Profile 
Illustrated  in  the  Upper  Graph. 
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Figure  2. 


itl  r  S.DetCrrained  by  M«««ring  the  Fraction  of  Total 
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divic r,  hut  onnot  emit  an  average  powdr  of  0.5  \V  or 
greater  for  periods  in  excess  of  0.25  s. 
d.  Clots  IV— High  Power  Laser  Devices. 

(1)  Ultraviolet  (200  nm  to  400  nml  and  Infrared 
(1.4  pm—  1  mm)  Laser  Devices  which  emit  an 
average  power  of  0.5  W  or  greater  for  periods  greater 
than  0.25  s,  or  a  radiant  exposure  of  10  J-cm-* 
within  an  exposure  duration  of  0.25  s  or  less. 

(2)  Visible  (400  nm  to  700  nm)  and  Near- 
Infrared  (700  nm  to  1400  nm)  Laser  Devices  which 
emit  an  average  power  of  0.6  W  or  greater  for  periods 


grt  ater  than  0  55  s,  or  a  radiant  exposure  in  t  m  of 
that  required  to  produce  a  hwiirrious  diffuse 
reflection  as  given  in  Table  D  — 1. 

e.  Class  V— Enclosed  Laser  Devices.  Any  class 
II,  III,  or  IV  laser  devices  which,  by  virtue  of  ap¬ 
propriate  design  or  engineering  controls,  cannot 
directly  irradiate  the  eye  with  levels  which  are  in 

excess  of  P  exempt  or  Q  exempt. 

C-6.  Examples.  Tables  C-l  and  C-2  provide 
examples  of  hazard  classification  for  some  typical 
lasers.  _ _ 


8.  General  Hazard  Controls  For  Laser  Radiation. 

а.  Hazard  controls  vary  depending  on  the  type  of 
laser  being  used  and  the  manner  of  its  use.  Most 
control  measures  depend  upon  the  laser  classification 
as  specified  in  appendix  C.  In  general,  a  class  I  laser 
device  is  one  that  is  considered  to  be  incapable  of 
producing  damaging  optical  radiation  levels  and  is, 
therefore,  exempt  from  any  control  measures  or 
other  forms  of  surveillance.  A  class  II  Laser  device 
may  be  viewed  directly,  but  must  have  a  cautionary 
label  affixed  to  the  device  warning  against  con¬ 
tinuous  intrabeam  viewing  (staring  into  the  beam). 

A  class  III  medium  power  laser  device  requires 
control  measures  that  shall  prevent  intrabeam 
viewing.  A  class  IV  High  Power  Laser  Device 
requires  the  use  of  controls  which  shall  prevent 
exposure  of  the  eye  and  skin  to  the  direct  and  dif¬ 
fusely  reflected  beam  and  the  termination  of  the 
unused  beam  (s)  by  fire-resistant  backstops.  Class  V 
Enclosed  Laser  Devices  are  either  class  II,  class  III 
or  class  IV  lasers  contained  in  a  protective  housing 
and  operated  in  such  a  manner  as  to  be  incspable  of 
emitting  hazardous  radiation  from  the  enclosure. 
Only  a  stringent  control  system  permits  a  laser  to 
qualify  as  class  V 

б.  It  must  be  remembered  that  the  classification 
scheme  given  in  paragraph  75  relates  specifically  to 
the  laser  device  itself  and  its  potential  hazard,  based 
on  operating  characteristics.  However,  the  en¬ 
vironment  end  conditions  under  which  the  laser  is 
used,  the  safety  training  of  persons  using  the  laser 
and  other  environmental  and  personnel  factors,  xmy 
play  a  role  in  determining  the  full  extent  of  hazard 
control  measures.  Since  such  situations  will  require 
informed  judgements  by  responsible  persons,  major 
responsibility  for  such  judgements  should  be 
assigned  to  a  qualified  person,  namely  a  Laser 
Safety  Officer.  Only  properly  indoctrinated  persons 
shall  be  designated  Laser  Safety  Officers  or  be 
placed  in  charge  of  class  III  and  IV  laser  in¬ 
stallations  or  operations.  The  complete  enclosure  of  a 
laser  beam  (an  enclosed  laser)  shall  be  used  when 
feasible.  A  closed  installation  provides  the  next  most 
desirable  hazard  control  measure.  Following  are 
details  relating  to  safe  laser  ooa-ation  in:  — 


(1)  An  outdoor  environment  where  adminis¬ 
trative  controls  often  provide  the  only  reasonable 
approach. 

(2)  An  indoor  environment  where  engineering 
mntrols  should  play  the  greatest  role. 

c.  Outdoor  I-aser  Installations. 

(1)  Class  II  low  power  laser  devices.  The  beam 
should  be  terminated  where  readily  feasible  at  the 
end  of  the  useful  beam  path  and  the  laser  should  not 
be  directed  at  personnel  who  are  not  cognizant  of 
their  illumination. 

(2)  Class  III  ana  IV  lasers. 

(a)  Personnel  shall  be  excluded  from  the 
beam  path  at  all  points  where  the  beam  irradiance  or 
radiant  exposure  exceed  the  appropriate  Protection 

•  Standard.  This  shall  be  accomplished  by  the  use  of 
physical  barriers,  administrative  controls,  the  use  of 
interlocks  and  by  limiting  the  beam  traverse. 

(b)  The  tracking  of  nontarget  vehicular 
traffic  or  aircraft,  whether  intentional  or  inad¬ 
vertent,  shall  be  prohibited  within  the  calculated 
hazardous  distances  of  class  III  or  IV  lasers. 

(C)  The  beam  path(s)  shall  be- cleared  of  all 
Oat  specular  surfaces  capable  of  producing  reflec¬ 
tions  that  are  potentially  hazardous,  or  eve 

protection  should  be  required  for  all  personnel  within 
the  hazardous  area. 

(d)  Paragraphs  10  and  11  provide  detailed 
guidance  applicable  to  range  control  of  laser 
rangefinders,  illuminators  and  designators. 

(3)  Class  IV  laser.  Operation  of  class  IV  High 
Power  Laser  Devices  while  it  is  raining  or  snowing  or 
when  there  is  dust  or  fog  in  the  air  should  be  avoided 
without  the  wearing  of  laser  protective  eyewear  by 
Dersonnel  within  the  immediate  vicinity  of  the  beam. 
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•  ■  vD^Kq/4  whs  re  D4  «  2/5o 


Physically  D4  defines  twice  tha  radial  diatanca  to  whara  tha  irradianoa  on 
tha  Gaussian  distribution  is  raducad  to  Eq/s  (or  beam  di ana  tar  to 
1/e-peak-irradiance-points) .  Tha ra fora  by  knowing  tha  bean  diametar  dafinad 
at  1/e-peak- irradiance-points  and  tha  total  powar  contained  within  tha 
Gaussian  profila  it  is  possibla  to  pradict  tha  peak  irradiance  with  tha  sane 
computation  as  for  a  rectangular  bean.  One  simple  method  for  experimentally 
■assuring  tha  beam  diameter  consists  of  allowing  63  percent  or  1  -  1/a  of  the 
total  bean  power  to  pass  thru  an  adjustable  circular  aperture  located  on  the 
bean  axis.  The  diameter  of  this  aperture  is  D4.  (This  can  be  mathematically 
verified  by  integrating  aquation  2  to  tha  beam  radius  at 

1/e-peak- irradiance-points  or  K  •  /To).  Figure  2  is  a  plot  of  this  integral 
over  various  limits  of  integration. 


4.  BEAM  DIVERGENCE.  Tha  profila  of  this  lasar  bean  at  any  other  point  along 
its  path  will  also  be  approximately  Gaussian  (assuming  that  other  optical 
systems  are  not  present  which  night  obstruct  tha  path  or  in  any  way  modify 
tha  bean  shape).  The  Gaussian  bean  in  tha  far  field  will  widen  and  the  peak 
irradiance  will  be  reduced  as  we  travel  farther  fron  tha  lasar.  Tha  total 
power  within  the  bean  will  be  reduced  only  slightly  due  to  atmospheric 
absorption.  The  beam  diameter  at  some  distance,  r,  fron  the  laser  is  given 
by* 


D4  ■  r  tan  ♦  ♦  a  (4) 

where  4  is  the  beam  divergence  and  a  is  the  diameter  to  1/e 
peak-irradiance-points  at  the  laser  output.  Since  most  laser  systems  are 
highly  collimated  we  obtain  from  equation  4: 

Dl  •  r*  +  a  (5) 

Prom  this  expression  it  is  apparent  that  the  beam  divergence  must  also  be 
specified  to  1/e-peak-irradiance-points.  To  demonstrate  this  consider 
specifying  the  beam  diameter  to  1/e2 -peak- irradiance -points  (Dl)  then  from 
equation  1  we  can  prove  that: 

0L  -  dV^2  (6) 


and  equivalently: 


a  -  a1//? 


Therefore  we  find  that: 


♦  -  4l//2 


(7) 


(8) 
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where  a1  and  f J  are  tha  exit  bean  dianeter  and  divergence  respectively 
defined  to  l/e2-peak-irradiance. 

The  laser  range  equation  is  obtained  by  combining  equations  3  and  5  or: 

B(r)  -  (1.27  ♦  e-“r)/<a  ♦  r*)2  (9) 

where  is  the  atmospheric  transmission,  (u  is  called  the  atmospheric 

attenuation  coefficient  and  is  normally  very  small.)  Hence,  although  beam 
divergence  could  be  defined  in  several  ways,  it  is  convenient  for  a  hazard 
evaluation  to  select  the  beam  divergence  defined  at 
1/e-peak- ir radiance-points  so  that  it  is  possible  to  predict  the  peak 
irradiance  within  a  Gaussian  profile  at  any  distance  from  a  laser  of  known 
output  power.  We  can  also  apply  this  equation  to  experimentally  measure  the 
beam  divergence.  We  can  measure  the  peak  irradiance  with  a  detector  whose 
sensitive  diameter  is  much  smaller  than  D^  for  the  beam  in  the  far  field  of 
the  laser  (r+>>a)  and  them  compute  +  from  equation  9  since  9.  u,  r  and  a  can 
also  be  measured. 

5.  PROTECTION  STANDARDS.  Why  does  one  need  to  calculate  the  peak  irradiance 
in  the  beam?  We  do  not  always  need  the  peak  irradiance  but  normally  the  beam 
diameter.  DL,  is  much  larger  than  the  sampling  diameter  for  the  laser 
protection  standards  since  the  potential  hazard  often  extends  to  great 
distances  from  the  laser.  The  protection  standards  for  the  skin  and  cornea 
and  lens  of  the  eye  are  based  upon  power  or  energy  transmitted  through  a  1-mm 
aperture  (for  wavelengths  between  10s  and  106  nm  this  aperture  becomes  10  mm) 
whereas  the  aperture  for  the  "retinal  hazard  region"  of  the  spectrum  (400  to 
1400  nm)  is  based  upon  a  7- mm  aperture  (dark  adapted  pupilary  diameter). 
Actual  range  measurements  are  performed  on  laser  systems  with  small  exit  beam 
diameters  using  an  appropriate  diameter  aperture  placed  directly  in  front  of 
the  detector  and  centered  on  the  beam  axis. 

6.  RELATIVE  BEAN  POWER  OR  ENERGY.  The  maximum  power  or  energy  available  to 
pass  thru  the  appropriate  defining  aperture  (for  the  various  protection 
standards)  is  the  most  useful  parameter  to  determine  from  the  standpoint  of 
evaluating  optical  radiation  hazards.  Figure  2  can  be  used  to  relate  the 
fraction  of  total  power  transmitted  thru  different  diameter  apertures  when 
the  total  beam  power  is  known.  Expressed  mathematically  Figure  2  simply 
states  that  the  power  thru  an  arbitrary  axial  aperture  of  diameter  d  is: 

♦d  *>  9(1-6)  (10) 

where  0  -  E(d/2)/EQ  and  d  -  2c/2^n(l/B) . 

By  integrating  the  Gaussian  profile  over  the  area  of  an  arbitrary  circular 
aperture  and  combining  this  power  with  equation  3  we  obtain  another  useful 
expression: 
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(11) 


♦d  -  #[i-«<a/Di>2] 

Banos  a  general  laser  range  equation  can  be  seen  froai  equation  11  which  could 
be  applied  to  laser  system  which  have  relatively  short  retinal  hazardous 
ranges  (D^  is  of  the  sam  order  of  magnitude  as  7  wm)  or  to  telescopic 
viewing  of  such  beam.  The  average  irradiance  over  an  arbitrary  axial 
circular  aperture  of  disaster  d  is  given  byt 

E(r,d)  -  2.6#[l-e<d/Dl>2]e-»‘r  (12) 

this  range  equation  is  priaarily  applied  to  low  power  Ga-As  laser  diodes  and 
He-Ne  lasers. 
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APPENDIX  E 

Bibliography  of  USAEHA  Health  Hazard  Analyses  of  Laser 
Systems  and  High  Intensity  Lights 


The  following  listing  of  analyses  of  laser  health  hazards  were  excerpted  from  the 
current  (19S1)  Laser  and  Optical  Hazards  Course  Manual  prepared  by  the  US  Army 
Environmental  Hygiene  Agency,  Aberdeen  Proving  Ground,  MO  21010. 

This  manual  is  also  the  source  of  a  comprehensive  (more  than  2400  references,  1S3 
pages)  laser  hazards  bibliography.  Readers  interested  in  obtaining  copies  of  this 
bibliography  should  address  inquiries  to:  Commander,  US  Army  Environmental  Hygiene 
Agency,  Directorate  of  Radiation  and  Environmental  Services,  ATTN:  HSE-RL, 
Aberdeen  Proving  Ground,  MO  21010. 
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ABBREVIATED  LISTING  OF  USAEHA  HEALTH  HAZARD  ANALYSES  OF 
LASER  SYSTEMS  AND  HIGH  INTENSITY  LIGHTS 

Special  Study  No  Report  Title  PTC  No 

42-24-68  Laser  Training  Device  3A102B,  August  -  AD861649 

November  1967 

42-42-68/69  Laser  Rangefinder  XE-8,  US  Army  Artillery  AD861662 

Board,  Fort  Sill,  Oklahoma 

42-48-68/69  Laser  Rangefinder  AN/VVS-1  M-60  Tank  Laser  AD861655 

Rangefinder-Engineering  Development  Model, 

Aberdeen  Proving  Ground,  Maryland 

42-50-68/69  Laser  Geodimeter,  US  Coast  and  Geodetic  AD861663 

Survey  (CMS),  13  and  20  June  1968 

42-007-69  AN/MSS-3  Xenon  Searchlight  (2.2  kW)  Fort  AD861652 

Belvoir,  Virginia,  July  -  September  1963 

42-027-69  POSI  Night  Vision  Illuminator,  US  Army  AD861653 

Night  Vision  Laboratory  (USANVL),  Fort 
Belvoir,  Virginia,  4  September  1968 

42-032-69/70  Evaluation  of  Oirect  Fire  Simulator  AD861664 

(DFS),  Part  I  -  Preliminary  Evaluation 
Rifle-Mounted  Gallium-Arsenide  Laser  Trans¬ 
mitter,  March  and  June  1968 

42-035-69  Evaluation  of  AN/TVS-3  Searchlight  ADS61654 

(20  kW) ,  January  -  Arpll  1969 

42-057-69  Evaluation  of  INFANT  Searchlight,  April  A0861657 

1969 

42-083-59/71  Evaluation  of  the  AN/VSS-3  Supplementary  AD879518 

Vehicle  Searchlight  (1  kW) ,  June  1969  - 
September  1970 

42-089-69/70  Evaluation  of  a  Laser  Cane,  May  -  July  AD861666 

1969 

42-021-70  Evaluation  of  GaAs  Laser  Beacon,  Hand-  AD867093 

Held,  25-28  November  and  6-8  December 
1969 
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Special  Study 
42-024-70 

42-007-71/74 

42-014-71 

42-026-71 

42-048-71 

42-072-71/72 

42-073-71 

42-086-71/72 

42-119-71/72 

42-120-71/72 

42-028-72 

42-029-72/73 

42-040-72 

Appendix  E 


No  Report  Title 

Evaluation  of  Infrared  Source,  XM-70  TOM 
Missile  Conduct  of  Fire  Trainer, 

November  1969  -  January  1970 

Laser  Adapted  Infrared  Aiming  Light, 
Experimental  Development  Model,  July 
1970  -  December  1973 

US  Amy  Topographic  Command  Optical  Dis¬ 
tance  Measuring  Equipment,  AGA  Model  4D 
Geodimeter,  February  -  April  1971 

Evaluation  of  20  kW  Long-Arc  Xenon 
Illuminator  (ARPA  Big  Light),  August  1970 

Evaluation  of  the  LS-59A  Airborne  Flasher 
Unit 

Evaluation  of  Prototype  Anti-Laser 
Goggles,  Part  II  -  Coverall  Goggles 
(Type  II  and  III) 

Laser  Distance  Measuring  Equipment  Used  by 
US  Amy  Topographic  Command  (USAT0P0C0M) 
February  -  April  1971 

Laser  Tank  Gunnery  Trainer  (LTGT)  Device 
3A110,  November  -  December  1971 

Large  Gun  Direct  Fire  Simulator 

Direct  Fire  Simulator  Visual  Indicator 
(3  kW)  Xenon  Flash  Unit 

Dragon  Tracker  Eye  Protection  Filters, 
October  1971 

Evaluation  of  the  AN/VSS-2  Pink  Filter 
Searchlight  (2.2  kW) ,  April  -  December 
1972 

Prototype  GaAs  Laser  Rifle  Fire  Simulator 
(TDR -046)  .January  1972 
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PTC  No 
AD870736 

AD917521L 

AD729345 

AD879029 

AD 883 42 2 

AD8891 15 

AD729346 

AD891946 

AD889401 
AD 88 94 81 

AD839942 

AD 909327 

AO  893  5 90 
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Special  Study 
42-047-72 

42-050-72/73 

42-003-73 

42-012-73/74 

42-14-73 

42-016-73/74 

42-019-73 

42-20-73 

42-022-73 

42-23-73-74 

42-24-73/74 

42-25-73 
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No  Report  Title 

Evaluation  of  Optical  Sources,  Shillelagh 
Missile  System,  February  -  April  1972 

Evaluation  of  Alfa  American  Corporation 
Anti-Laser  Filters,  February  -  April  1972 

SIMFIRE  Tank  Gunnery  Simulator  (3A118) 
July  1972 

Laser  Hazard  Controls  for  Tank  Ranges, 
Fort  Knox,  Kentucky,  14  July  1972  - 
12  May  1973 

(1  kW)  Infrared  Beacon,  US  Army  Combat 
Developments  Command  Experimentation 
Command  (USACDCEC),  Fort  Ord,  California, 
July  -  October  1972 

MASSTER  Weapon  Engagenent  Scoring  System 
(WESS),  Laser  Weapons  Simulators,  Tracor 
Inc.,  Austin,  Texas 

CAIR-I  System  Infrared  Device,  Naval  Air 
Test  Center,  Patuxent  River,  Maryland, 
August  -  September  1972 

Protection  Filters  for  DRAGON  Tracker 
Eyepiece,  Septanber  -  December  1972 

Human  Engineering  Laboratory  Laser, 
Countermeasures  Field  Study,  Fort  Knox, 
Kentucky,  25-30  September  1972 

Evaluation  of  AN/AVQ-19  Laser  Range¬ 
finder,  Airborne  Laser  Laboratory  (ALL), 
Kirtland  Air  Force  Base,  New  Mexico, 

23-25  July  1973 

Optical  Intervisibility  Beacon, 

December  1972  -  August  1973 

Evaluation  of  Stroboscopic  Lights,  US  ■ 
Army  Aeronautical  Depot  Maintenance 
Center  (ARAOMAC),  Corpus  Chrlstl, 

Texas,  December  1972  -  April  1973 


98 


PTC  No 
AD903599L 

AD903708L 

AD 905088 

AD912647 

AD  908707 

AD916589L 

AD 907185. 

I 

AD909295 

AD 909294 

AD914186 

AD914392 

AD911418L 
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Special  Study  No  Report  Title  PTC  No 

42-28-73/74  Laser  Rangefinder  AN/VVS-1 ,  ICTT  AD916389L 

Production  Models  for  the  M60A2  Tank, 

Fort  Hood,  Texas,  November  1973 

42-37-73  Evaluation  of  Laser  Remote  Raman  Spec-  AD910959L 

traneter  Atmospheric  Probe,  Edgewood, 

Maryland,  November  1972  -  April  1973 

42-56-73  Evaluation  of  Initial  Production  Laser  AD909693 

Rangefinder  AN/VVG-1  M551  Armored 
Reconnaissance/ Airborne  Assault  Vehicle 
(Sheridan  Vehicle),  March  1973 

42-57-73  Evaluation  of  Hadron  Model  112  Laser  A0759921 

Safety  Eyeshields,  January  -  March  1973 

42-059-73  Evaluation  of  Position  and  Azimuth  AD911228L 

Determining  System  (PADS)  Laser  Velo- 
clmeter.  Fort  Belvolr,  Virginia,  3  April 
1973 

42-074-73/74  PERSHING  Missile  System  Laser,  AD917906L 

17  December  1973 

42-078-73/74  Evaluation  Laser  Protection  Character-  AD917884L 

istlcs  of  Night  Vision  Goggles  and  Other 
Night  Vision  Equipment,  June  1973  - 
January  1974 

42-080-73/74  Evaluation  of  Precision  Aircraft  Tracking  A0912587 

System  (PATS),  Yuma  Proving  Ground, 

Arizona,  18-19  June  1973 

42-82-73/74  Evaluation  of  Electrical  Hazards  Assocl-  917505L 

ated  with  High-Power  Laser  Systems, 

August  1972  -  December  1973 

42-007-74  Upgraded  Large  Gun  Direct  Fire  Simulator  AD915938L 

(OF S )  Laser  Transmitters,  August  - 
December  1973 

42-016-74  Evaluation  of  Laser  Rangeflnder/Deslg-  AD915921L 

nator  Northrop  ISTAR  Mark  II  Systems, 

Hunter-Liggett  Military  Reservation, 

Jolon,  California,  October  1973 
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Special  Study  No 


Report  Title 


DTC  No 


42-019-74  Evaluation  of  a  Phase-R  Oye  Laser  In 

Phase  II  of  an  ECOM  Countermeasure 
Source  Evaluation,  December  1973 

42-025-74/75  Evaluation  of  Hyperbilirubinemia  Lamps, 

September  1973  -  April  1974 

42-029-74  Evaluation  of  High  Intensity  Light 

Sources  Used  in  El ectrophotographic 
Equipment,  Army  War  College,  Carlisle 
Barracks,  Pennsylvania,  October  - 
November  1973 


AD917061L 

AD921713L 

AD917336L 


42-035-74  AN/ALQ-1 32  System  Infrared  Device,  Naval  AD916291L 

Air  Test  Center,  Patuxent  River,  Maryland, 

24  October  1973 


42-039-74  International  Laser  Systems  (ILS)  Laser 

Simulator  Model  NC-10-D,  October  1973 

42-055-74/75  Remotely  Piloted  Aerial  Observer  Desig¬ 
nator  System  (RPAODS),  Phil  co-Ford  Cor¬ 
poration,  Newport  Beach,  California, 
December  1973  -  May  1974 


42-085-74 

42-102-74 
42-1 38-74/75 


Evaluation  of  Active/Passive  Scanning 
System  (U),  Aberdeen  Proving  Ground, 
Maryland,  25  January  -  3  February  1974 

Ranger  III  Laser  Distance  Measuring 
Device,  April  1974 

International  Laser  Systems  (ILS)  Laser 
Intervisibility  System  Model  IV  101 
Breadboard  Model ,  May  1974 


AD  91 581 OL 
AD921531L 


AD919163L 

AD923168L 


42-140-74/75  Reevaluation  of  Large  Gun  Direct  Fire  AD921711L 

Simulator  (DFS)  Laser  Transmitters, 

May  1974 


42-158-74/75  Hot  Brick  Infrared  Device,  US  Army  AD922287L 

Electronics  Command,  White  Sands  Missile 
Range,  New  Mexico,  30  April  1974 
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Special  Study  No  Report  Title 

DTC  No 

42-011-75 

Site  Selection  for  the  Laser-Guided 

Weapons  (LGW)  In  Close  Air  Support  (CAS) 
Joint  Test  (JT),  June  -  August  1974 

AD923251L 

42-018-75 

Viewing  Pyrotechnic  Flares  Through 
Magnifying  Optical  Systems,  August  - 
September  1974 

ADB000311L 

42-022-75 

AGA  Model  76  Geodimeter,  July  -  August 

1974 

42-024-75 

GEODOLITE®  3-G  Laser  Distance  Measuring 
Device,  July  -  August  1974 

AD  92  382  9L 

42-030-75 

Preprototype  Approved  Pantograph  with 
Integrated  Laser  Rangefinder  AN/GVS-5, 

June  -  July  1974 

AD923284L 

42-034-75 

Microranger  Infrared  01  stance  Measuring 
Device,  July  1974 

AD 92291 2L 

42-055-75 

Gallium-Arsenide  (Ga-As)  Laser  Proximity 
Fuse  Rangefinder,  September  1974 

AD3000312 

42-081-75 

Hewlett-Packard  Models  3305A  and  3800B 
Laser  Distance  Meters  (Infrared), 

September  1974 

AD 92  392  7L 

42-082-75 

Model  DI-10,  Dlstomat  Infrared  Distance 
Measuring  Device,  September  1974 

ADB000310L 

42-111-74/75 

AN/VSS-3A  (1  Kw)  Searchlight,  June  - 
September  1974 

ADB000227L 

42-043-75 

Infrared  Heat  Lamps  Used  in  Drying  Chem¬ 
ical  Samples,  September  -  October  1974 

ADB000673 

42-044-75 

Laser  Ranges  and  Facilities,  Jefferson 
Proving  Ground,  Madison,  IN  47250, 

October  1974 

A0BOOIO14L 

42-057-75 

Sacramento  Army  Depot  Laser  Ranges, 
October  1974 

ADB000674 
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Special  Study 
42-062-75 

42-068-75 

42-094-75 

42-098-75 

42-111-75 

42-124-75 

42-140-75 

42-143-75 

42-144-75 

42-153-75 

42-155-75/76 

42-158-75 

42-161-75 

42-166-75/76 


No  Report  Title 

Protection  Filters  for  Production  DRAGON 
Tracker  Eyepiece,  August  -  October  1974 

Evaluation  of  Laser  Transmitter  Inte¬ 
grated  with  XM-76  Sighting  System, 
September  1974 

Upgraded  Small-Gun  300  Series  Direct 
Fire  Simulator,  October  1974 

Laser  Rangefinder-Designator,  AN/UAS-9, 
October  1974 

Evaluation  of  Open-Arc  Processes, 

Decenber  1974 

Rangemaster  Laser  Distance  Measuring 
Device,  December  1972 

Advanced  Development  Model  100  (ALLR-100), 
February  -  April  1975 

International  Laser  Systems,  Laser  Target 
Simulator  Model  NC-10-P  with  Harry  Diamond 
Labs,  Diffuser  Modification,  March  1975 

High-Pressure  Mercury  Vapor  Lamps,  White 
Sands  Missile  Range,  W,  April  1975 

Laser  Obstacle/Terrain  Avoidance  Warning 
System  (LOTAWS),  April  1975 

Optical  Warning  Location/Detection  (OWL-D) 
System  Laser,  April  -  May  1975 

Intrutek  Model  1-600  Gallium  Arsenide 
Laser,  May  1975 

International  Laser  Systems  Model  NT-200, 
HBP  Laser  with  Harry  Di among  Labs, 

Diffuser  Modifications,  May  1975 

Advanced  Development  Models  of  the 
AN/VSS-4  Searchlight,  June-July  1975 


PTC  No 
AD800675 

ADB000409 

ADB001150L 

ADB000677 

ADB002154L 

ADB001652L 

ADB 003182 

AD3003181 

A0A010338 

ADB004509 

ADB005254 

ADB004789 

ADB004404 

ADB006893 
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Special  Study  No  Report  Title  PTC  No 

42-006-76  Evaluation  of  the  OPTIC  IV/Llght  Observa-  ADB007877 

tlon  Helicopter  Target  Acquisition  and 
Designation  System  (LOHTAOS)  Laser 
Rangefinder/Designator,  September  1975 

42-007-76  Evaluation  of  the  Perkin-Elmer  Copr.  Model  ADB008995 

KA-98  Day/Night  Camera  Laser,  August  1975 

42-009-76  GCO  Laser  Holographic  Analyzer,  ADAQ20649 

3  December  1975 

42-010-76  Modified  Burst-on  Target  Tank  Gunnery  ADB008990 

Trainer  Device  17-84,  July-December  1975 

42-022-76  Prototype  Helium  Neon  (He-Ne)  Laser  ADB006997 

Signaller  Sets,  September  1975 

42-026-76  Evaluation  of  the  Engineering  Model  of  ADB07986 

•the  Deflector-Assembly  Modified  M-55 
Laser  for  Artillery  Direct  Fire  Training, 

October  1975 

42-034-76  Kollsman  External  "Laser-Protect"  Coating  ADB008757 

for  Production  DRAGON  Tracker  Eyepiece 
Site,  September  -  Novanber  1975 

42-037-76  Production  Model  of  the  "AN-VVG-1  Laser  ADB009007 

Rangefinder  for  the  Sheridan  Vehicle 
M551-A1,  October  1975 

42-046-76  Conceptual  Forward  Observer  Vehicle  (CFOV)  ADB008223 

Laser,  October  1975 

42-049-76  Engineering  Development  Model,  AN/GVS-5  ADB009127 

Hand-Held  Laser  Rangefinder,  December  1975 

42-056-76  Evaluation  of  Modified  Antilaser  Goggles  ADB009922 

Engineering  Developmental  Models  (Spectacle 
Type),  Decanber  1975  -  January  1976 

42-065-76  Prototype  Laser  Aider  Imager,  January  1976  ADB009731 


42-080-76  Reflections  from  Ice  during  Laser 

Operations,  USA  Arctic  Test  Center, 
22  January  1976 


ADB010948 
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Special  Study  No  Report  Title 

DTC  No 

42-083-76 

Second  Prototype  Rifle  Laser  Marksmanship 
System,  January  -  February  1976 

ADB010978 

42-058-76 

Evaluation  of  Training  Problems  with 
Tactical  Lasers,  January  -  July  1976 

ADA030039 

42-098-76 

Hazard  Evaluation  of  the  Laser  Rangefinder 
of  the  XM-1  Tank  Candidate  System  of 
Chrysler  Corp,  April  1976 

ADB017322L 

42-079-76 

Preliminary  Evaluation  of  the  Precision 
Laser  Altimeter  of  the  Aerial  Profiling 
of  Terrain  System,  February  -  May  1976 

ADB011979L 

42-094-76 

Laser  Tracking  System  Mounted  on  AN/MPS-36 
Radar,  White  Sands  Missile  Range,  New 
Mexico,  4  March  1976 

ADB010889L 

42-154-75/76 

Preliminary  Evaluation  of  the  Mobile  Test 
Unit  (MTU)  Laser  and  Associated  Health 
Hazards  (0),  September  1975  -  January  1976 

ADC005611L 

42-102-76 

Mounted  Direct  Fire  Simulator  (MDCS). 

March  1976 

ADB010973L 

42-103-76 

Concept  Feasibility  Test  of  the  Laser 
Integrated  Periscope  (LIP),  Fort  Knox, 
Kentucky,  3  May  1976 

ADB012135L 

42-118-76 

XM-1  Computer  Solution  Prototype  System 
Laser,  Aberdeen  Proving  Ground,  Edgewood 
Area,  Maryland,  1  April  1976 

ADB011204L 

42-0053-77 

Evaluation  of  the  Potential  Hazards  fran 
Actinic  Ultraviolet  Radiation  Generated 
by  Electric  Welding  and  Cutting  Arcs, 
Decenber  1975  -  September  1976 

ADA033768 

42-0139-77 

Recommended  Control  Methods  for  Airborne 
Infrared  High  Energy  Laser  Operations, 

March  75  -  August  76 

ADA031369 

42-0300-77 

Optical  Hazards  to  Gun  Crews  when 

Observing  Muzzle  Flash  fran  an  8-inch  Gun, 
August  -  September  1976 

ADB015836L 
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42-0302-77  Evaluation  of  Two  Precision  Automatic 
Tracking  Systems,  Yuma  Proving  Ground, 
Arizona,  October  -  November  1976 


42-303-76  Exemption  from  New  Federal  laser  Perfor¬ 

mance  Standards  for  Tactical  Army  Laser 
Systems  and  Field  Training  Lasers,  July 
1976 


42-304-76  Test  Set,  laser  Rangefinder  TS-3620()/, 

GVS-5  Engineering  Model,  August  1976 

42-0305-77  Spectral  Irradlance  of  Several  Ultra¬ 
violet  Sources,  July  -  September  1976 

42-0306-77  Evaluation  of  the  Laser  Instrumentation 

Beacon  Developed  for  Operational  Test 
and  Evaluation  Agency,  September  - 
October  1976 

42-0309-77  Prototype  Lasertraln  Rifle  Marksmanship 

Laser  Training  Device,  September  - 
October  1976 


PTC  No 
ADB016079L 

ADA029453 

ADB014117L 

ADA031276 

ADA033379 

ADB015853L 


42-0301-77  Evaluation  of  the  Prototype  SHILLELAGH  ADB016934L 

Conduct  af  Fire  Trainer  Laser,  14  December 
1976 


42-0311-77 

42-0320-77 

42-0321-77 

42-0322-77 

42-0323-77 


High  Energy  Laser  Test  Facilities  at  ADB016626L 

White  Sands  Missile  Range,  New  Mexico, 

Octob°r-December  1976 

Production  Models,  Laser  Marksmanship  ADA036202 

System  Training  Aids  Service  Office, 

Fort  Gordon,  Georgia,  December  1976 

Optical  Hazard  of  Weather  Service  ADA037617 

Instrumentation,  January  1977 


Evaluation  of  the  Prototype  MAGLAD  I  ADB017575L 

Laser,  16-17  February  1977 


Model  LS-410  Lasef^ Illuminator,  "  ^ADB017875L 

December  1975  -''February  1977  ^ 
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Special  Study  No  Report  Tit’e 

DTC  No 

42-0315-77 

Spectra-Physlcs  Model  944-1  Laser  Level, 
November  1976 

A0A034922 

42-0317-77 

Optical  Hazards  Associated  with  Viewing 
the  Irradiation  of  a  High-Performance-Air¬ 
craft  Windscreen  by  the  Amy  Gas  Dynamic 
Laser  (AGDL)a  Redstone  Arsenal,  Alabama 
(U),  Noven^er-December  1976 

ADC008962L 

ADC008962L 

42-0324-77 

Gallium-Arsenide  Laser  Simulator  Projected 
Through  the  XM-42  Sight,  Fort  Hunter 
Liggett,  California,  January-February  1977 

42-0325-77 

Evaluation  of  a  Laser  Equipped  Rifle  for 
the  US  Amy  Human  Engineering  Laboratory, 
Aberdeen  Proving  Ground,  Maryland, 

January  1977 

ADA037615 

42-0327-77 

Field  Tests  of  the  M60A3  Tank  Laser 
Rangefinder  (AN/VVG-2)  Against  an  0H-58 
Helicopter,  February  1977 

ADB017324L 

• 

42-0329-77 

Advanced  Development  Model  of  the  Remotely 
Piloted  Vehicle  (RPV)  Training  Laser, 
February-March  1977 

ADB017787L 

* 

42-0330-77 

Evaluation  of  Air  Defense  Weapon  Simulator 
Lasers  for  the  Vul can/Chapparal  System, 
16-17  February  1977 

AD3017918L 

42-0334-77 

Synthetic  Flight  Training  System,  Fort 
Rucker,  Alabama,  April  1977 

ADBD19416L 

42-0337-77 

Evaluation  of  the  Improved  SHILLELAGH 
Conduct  of  Fire  Trainer  Laser,  April 

1977 

ADB019282L 

42-0339-77 

International  Laser  Systems  Model  NC-10/P3 
Laser  with  Harry  Diamond  Laboratories 
Diffuser  Modifications,  April-May  1977 

ADB0199S5L 

42-0340-77 

Theoretical  Hazard  Evaluation  of  a  UH-1H 
Mas^-Mounted  Neodymium  Laser  Rangefinder/ 
Designator,  May  1977 

/ 

ADB018986L 
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Report  Title 


DTC  No 


42-0312-77  Evaluation  of  the  Potential  Retinal  ACA043023 

Hazards  from  Optical  Radiation  Generated  by 
Electric  Welding  and  Cutting  Arcs, 

Oecanber  1975  -  April  1977 


42-0314-77  Laser  Infrared  Tracking  Experiment  for  ADB020817L 

the  Kwajalein  Missile  Range,  June  1977 


42-0319-77  Gun  Alignment  and  Control  System,  April  ADB020203L 
1977 


42-0323-77  Envlronnental  Research  Institute  of  ADB020762L 

Michigan  (ERIM),  Airborne  Active/Passive 
Reconnaissance  Systemtem  Laser, 

22  April  1977 

42-0332-77  Evaluation  of  the  Shillelagh  Conduct  of  ADB020548 

Fire  Trainer,  Retrorefl ector  during 
Irradiation  by  Searchlights  and  Lasers, 

April  1977 

42-0335-77  Reevaluation  of  the  SIMFIRE  Tank  Gunnery  ADB020377L 

Simulator  Lasers,  Fort  Knox,  Kentucky, 

April  1977 

42-0341-77  AN/ALQ-144  Infrared  Source,  Fort  ADB020304L 

Rucker,  Alabama,  June-July  1977 

42-0345-77  Evaluation  of  the  Proposed  Operational  ADB020922L 

Test  of  the  Ground  Laser  Locator 
Designator  (GLLD  OT II)  Fort  Carson, 

Colorado,  June-July  1977 

TG  Laser  Protective  Eyewear,  August  1977  ADA044105 

42-0343-77  Optical  Hazard  Evaluation  of  the  Smokeless  ADB021688L 

Chaparral  Rocket  Motor,  May-June  1977 

42-0349-77  TOW  System  Evasive  Target  Simulator,  Fort  ADB021132L 

Benning,  Georgia,  July  1977 

25-42-0307-79  Eye  Safety  Output  Filter  for  Training, 

AN/GVS-5  Laser  Infrared  Observation 
Device  November  1978. 
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Special  Study 

No  Report  Title 

DTC  No 

42-0331-78 

Stanford  Research  Institute,  Light 

Detection  and  Ranging  (LIOAR)  System 

Mark  IX  Lasers,  22  September  1977 

ADA047510 

42-0351-78 

Evaluation  of  the  TCATA  Laser  Weapon 
Simulator,  13-16  September  1977 

A0B023946L 

42-0360-78 

Infrared  Radiation  Hazard,  Evaluation  of 
the  Rotary  Forge,  Watervllet  Arsenal, 
Watervllet,  New  York,  March-Arpll  1978 

ADA055643 

42-0363-78 

High  Energy  Laser  Range  Safety,  Klrtland 

Air  Force  Base,  New  Mexico,  30  March  1978 

ADB027999 

42-0369-78 

Evaluation  of  the  Production  Model  M60A1E3 
Tank  Laser  Rangefinder  (LRF),  June-July 

1978 

ADB030057L 

42-0370-78 

Evaluation  of  the  Infrared  Aiming  Light, 
AN/PAQ-4  Laser,  May  1978 

ADB027693L 

42-0375-78 

AN/P VQ-3 ( 3 ) V  Laser  Rangefinder  Sight 
Exploratory  Development  Model,  May  1978 

ADB028983L 

1 

42-0383-78 

Evaluation  of  the  Engineering  Development 
Model  MAGLAD  Laser,  Aigust  1973 

ADB030519L 

25-42-0374-79 

Evaluation  of  Potential  hazards  of  Infra¬ 
red  Tests  on  Night  Vision,  June-September 
1978 

ADB031863L 

25-42-0300-79 

Holmlum  Laser  Rangefinder,  October- 
December  1978 

ADB033798L 

24-42-0366-79 

AH-1S  Cobra  Laser  Rangefinder/ 11 luminator 
Advanced  Development  Model,  October  1978 

ADB033733L 

24-42-0302-79 

Health  Hazard  Evaluation  for  Vehicle 

Magnetic  Signature  Duplicator  (VE'iASID), 
January  1979 

ADB034298L 

25-42-0303-79 

Evaluation  of  Two  Muzzle  Position  Sensors 
for  the  M60  Series  Tanks,  July-December 

ADB033331L 

1973 
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Special  Study 
25-42-0304-79 

25-42-0306-79 

25-42- 0309-79 

25-42-0310-79 

25-42-0312-79 

25-42-0315-79 

25-42-0316-79 

25-42-0320-79 

25-42-0322-79 

25-42-0325-79 

25-42-0327-79 

25-42-0329-79 
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No  Report  Title 

Theoretical  Hazard  Evaluation  of  the 
Rangefinder  Laser  for  STAFF,  January 
1979 

Evaluation  of  Training  Problems  with 
the  Ground  Laser  Locator  Designator 
(GLLD),  January  1979 

High  Survivability  Test  Vehicle  (HSTV), 
Carbon  Dioxide  (CO?)  Laser  Rangefinder 
(LRF)  March-May  1979 

Hazard  Evaluation  of  the  Coherent  Model 
900  Fhotocoagul ator  Laser  System, 

January  -  Fruary  1979 

International  Laser  Systems  Laser 
Repeater,  February  1979 

Optical  Radiation  Hazards  from  the  Viper 
Light  Antitank  Assault  Weapon  for 
Prototype  Qualification  Testing  (PQT), 
March-Aprll  1979 

Prototype  Strobe  Light  for  Military 
Police  Vehicles,  January-February  1979 

Near  Infrared  Transmission  of  Unfiltered 
Army  Optical  Sights--Appl ication  to  Laser 
Hazard  Evaluation,  April  1979 

Hazard  Evaluation  of  the  Low  Brightness 
Laser  (LBL)  (U),  tarch-May  1979 

Laser  Sight  Picture  Monitor  for  the 
Squad  Weapons  Analytical  Trainer  (SWAT), 
April  1979 

Hazard  Evaluation  of  the  Engineering 
Development  Model  AN/ALQ-147A  CM  Set  (U), 
June  1979 

Graf  II  Laser  Designator  Field  Test, 
May-June  1979 


109 


PTC  No 
AD3036162L 

ADB034306L 

ADB037596L 

ADA068713 

ADB035596L 

ADB037545L 

ADB037473L 

ADB037901L 

ADC018195L 

ADB037982L 

ADC018576L 

ADB039672L 
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Special  Study  No 
25-42-0330-79 

25-42-0352-79 

25-42-0378-79 

25-42-0384-79 

25-42-0387-79 

25-42-0388-79 

25-42-0391-79 

25-42-0318-79 

25-42-0319-79 

25-42-0323-79 

25-42-0331-79 


Report  Title 


Hit  Indicator  Strobe  Light  for  the  HjI- 
tlple  Integrated  Laser  Engagement  System 
(MILES)  Jun  1979 

Optical  Hazards  Associated  with  Viewing 
the  Plasma  Generated  by  a  High  Energy 
Repetitively  Pulsed  Laser  for  Several 
Targets  (U),  January  1979 

Laser  Range  Lima  Army  Modification 
Center,  Lima,  Ohio,  12  October  1978 

Evaluation  of  Laser  Operations  at  Cibola 
Instrumented  Range  and  Proposed  Test 
Areas,  Yuma  Proving  Ground,  Arizona, 
August-Septenber  1978 

Evaluation  of  the  Fort  Rucker  Gunnery 
Range  for  Airborne  Laser  Operations, 

Fort  Rucker,  Alabama,  September  1973 

Ultraviolet  Radiation  Sources  Used  in 
Dermatology,  September-December  1978 

Evaluation  of  the  Engineering  Development 
Model  LDR  of  the  GLLO  System  (U) 

Maverick  Missile  Fire  Simulator, 

February  -  April  1979 

Evaluation  of  a  Precision  Automatic 
Tracking  System  (PATS),  Washington 
National  Airport  (WNA) ,  Washington,  DC, 
March  -  June  1979 

Hazard  Evaluation  of  the  Submll 1 imeter 
Wave  Laser  Range  and  the  Army  Missile 
Optical  Range,  Redstone  Arsenal,  Alabama, 
8  May  1979 

Evaluation  of  Laser  Hazards  to  Wildlife, 
Yuma  Proving  Ground,  Yuma,  Arizona, 
June-August  1979 


PTC  No 
ADB040236 

ADCQ17719L 

ADB033316L 

A03032621L 

ADB033131L 

ADA067251 

t 

ADC017330L 

ADB041213L 

A0B041581L 

B039721 

A0B041469L 
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Special  Study  No  Report  Title 

DTC  No 

25-42-0347-79 

Hazard  Evaluation  of  the  Advanced 
Development  Models  AN/P VS -6,  Mini- Laser 
Rangefinder,  August  1979 

ADB041243L 

25-42-0300-80 

Simulated  Optical  Range  Target  (SORT) 
Device,  28  November  1979 

ADB045124L 

25-42-0303-30 

Optical  Sources  Used  in  the  Laser  Impact/ 
Missile  Projector  of  the  Combat  Training 
Theater,  November  1979 

ADB044337L 

25-42-0306-80 

Evaluation  of  the  Gun  Elevation  Limiting 
Device  (GELD)  Prototype,  December  1979 

A0B044838L 

25-42-0311-80 

XM-1  Tank  Laser  Rangefinder,  late  Ed 

Models  and  Production  Models,  Oecember 

1979 

ADB044840L 

25-42-0312-80 

Raytheon  COj  Laser  Rangefinder, 

Exploratory  Development  Model,  January 

1980 

ADB045973L 

25-42-0317-30 

Evaluation  of  Fort  Hunter-LIggett  Laser 
Ranges  for  the  Proposed  Hell  fire  Opera¬ 
tional  Tests,  OT  II,  January  1980 

B045260L 

25-42-0322-80 

Honeywell  CO2  Laser  Rangefinder  Explor¬ 
atory  Development  Model,  January  1980 

ADB045972L 

25-42-0323-80 

Marconi  CO2  Laser  Rangefinder  Exploratory 
Development  Model,  January  1980 

B045600L 

25-42-0323-80 

Hazard  Evaluation  of  the  ARMVAL  Weapon 
Simulator  Laser,  September-October  1979 

A08042347L 

25-42-0334-80 

Evaluation  of  the  Airborne  Target  Acqui¬ 
sition  Fire  Control  System  Laser  on  the 
AH-1G  Cobra  Aircraft  (U),  November  1979 

ADC020795L 

25-42-0337-80 

Reevaluation  of  the  High  Mobility  and 
Agility  Vehicle  Laser  Rangefinder  (HIMAG 
LRF)  November  1979 

AD8043829L 
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Special  Study 
25-42-0339-80 

25-42-0341-80 

25-42-0348-80 

25-42-0349-80 

25-42-0368-80 

25-42-0314-80 

25-42-0315-80 

25-42-0319-30 

25-42-0327-00 

25-42-0344-80 

25-42-0304-30 

25-42-0320-80 


Ho  Report  Title 

North  McGregor  Laser  Ranges  for  USARADBD 
Testing  of  AN/AAG-7,  AN/MPS-36  and  DIVADs, 
Fort  Bliss,  Texas,  August  1979 

Spectral  Output  of  Westinghouse  FS20 
Sunlamps  and  Comparison  with  Actinic 
Ultraviolet  Protection  Standards,  August  - 
September  1979 

Proposed  AN/PVS-6  Laser  operations.  Fort 
Bennlng,  Georgia,  October  1979 

Evaluation  of  the  Laser  Augmented  Airborne 
Tow  (LAAT)  on  the  AH-1S  Cobra  Aircraft 
Advanced  Development  Model,  September  1979 

XM-1  Tank  Laser  Rangefinder  Early 
Engineering  Development  Models, 

April  1978  -  Oecember  1979 

Rockwell  Version  of  the  Mast  Mounted 
Sight  (MMS)  on  the  0H-58C,  April  1980 

Hazard  Evaluation  of  the  8T-41  Tank 
Combat  Slmul  ator  Laser,  November-May 
1980 

Ardrox  Hand  Held  Ultraviolet  Inspection 
Lamp  BCI  90/2,  March-Aprll  1980 

Hazard  Evaluation  of  the  A-6E  Target 
Recognition  Attack  Multi  sensor  Laser  (*J), 
January  -  February  1980 

Evaluation  of  Proposed  Laser  Range 
Operations  at  Fort  Stewart,  Georgia, 

1-2  May  1980 

Pave  Spike  AN/ASQ-1 53  Target  Designator 
System,  with  AN/AVQ-23  Pod  Laser  on 
the  F-4E  Aircraft 

Hazard  Eval  of  AN/AVq-25  PAVE  TACK  Laser 
Rangefinder/Designator  on  F-111F  Aircraft 
Engr  Development  Model  (U) 


PTC  No 
A0B042498L 

ADB042469L 

ADB042978L 

ADB042765L 

ADB044742L 

A0B0481 75L 
ADB048973L 

A087008 

A0CO21703L 

ADB048996L 

ADB049946L 

ADC022165L 


Appendix  E 


112 


/  / 


'■  "7  .  •» 


/ 


/  ,/-  '' 


Laser  and  Optical  Hazards  Course  Manual 

Special  Study  Ho  Report  Title 

OTC  No 

25-42-0324-80 

Blackhawk  and  Cobra  Synthetic  Flight 
Training  Systems  (SFTS) 

ADB049947L 

25-42-0330-80 

Eval  of  I-LIO  Portable  Laser  Eye-Safety 
Monitor 

ADB046352L 

25-42-0333-80 

LRF  on  the  VATTS 

ADB050992L 

25-42-0343-80 

A-6E  TRAM  AN/AAS-33A  Laser  Rangefinder/ 
Designator 

ADC021210L 

25-42-0345-80 

Eval  of  the  Production  Model  of  the  MOFS 

ADB049822L 

25-42-0351-80 

Hazard  Evaluation  of  Production  Models 
of  the  MILES 

ADB052205L 

25-42-0359-80 

Optical  Radiation  Hazards  to  XM-1  Tank 

Crews  from  Viewing  the 

ADC019815L 

25-42-0301-81 

Llne-of-SIght  Determining  System 

ADB053853L 

25-42-0302-91 

Eye  Safe  Simulated  Laser  Rangefinder 
(ESSLR)  Test  Procedures 

ADB055061L 

25-42-0303-81 

Rangemaster  111,  Ranger  IV,  and  Ranger  V 
Laser  Distance  Measuring  Device 

ADB054722L 

24-42-0304-81 

Hewl ett-Packard  Models  3809A  and  3820 

Laser  Distance  Meters  (Infrared) 

AD8054492L 

25-42-0305-81 

Hazard  Evaluation  of  the  Engineering 
Development  Model  MULE  AN/PAQ-3  Laser  (U) 

ADC024292L 

25-42-0306-81 

Keuffel  and  Esser  Uni  ranger  Laser 

01  stance  Meter  ( I NFRARED) 

ADB055697L 

25-42-0309-81 

Transmission  of  Three  Optical  Sights 
at  Several  Laser  Wavelengths  used  In 

ADATS  Program 

ADB056920L 

25-42-0314-81 

Hazard  Evaluation  of  the  Tallssl  Laser 
Transmitter 

ADB057478L 

25-42-0315-81 

Hazard  Evaluation  of  the  Air  Defense 

Weapon  Fire  Simulator  (AWFS)  Laser 

ADB058424L 
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Special  Study  No  Report  Title  PTC  No 


25-42-0319-81 

Evaluation  of  the  Attenuating  Filters  for 
the  GLLO  System,  Redstone  Arsenal ,  AL 

ADB058671L 

25-42-0322-81 

Eval  of  Ft  Hunter  Llgget  for  the 

Proposed  OT  of  the  AAH 

ADB053761L 

25-42-0325-31 

1) 

Hazard  Eval  of  the  Production  Model 
AN/AAS-37  Laser  System  Mounted  on  the 

0V-10  Aircraft 

ADC 02371 8L 

25-42-0333-81 

Eye  Safe  Slmt'ated  Laser  Rangefinder 

AD805B907L 

25-42-0354-81 

Evaluation  of  Propsoed  Laser  Range  Oper¬ 
ations 

AD8052779L 

25-42-0360-31 

Hazard  Evaluation  of  AN/AVQ-25  PAVE  TACK 
Laser  Rangefinder  Designator  on  AN/AVQ-Z6 
Pod,  Production  Model  (U) 

ADC025110L 

25-42-0362-81 

Eval  of  Proposed  Laser  Range  Operations 
vrfth  LAAT  Mounted  on  AH- IS  Cobra  Aircraft, 
GILO  AN/TVQ-2  A  IR  Observation  Device 
AN/GVS-5  Yakima  Firing  Center 

AD8054438L 

25-42-0371-31 

Hazard  Evaluation  of  the  TAOS  on  the  AAH 
YAH-64  (U) 

ADC023771L 

Appendix  E 


114 


DXSnXKJriOH  LIST  FOR  TR-83066 


Han  Copies  Names  Copies 


CHEMICAL  RESEARCH  AMD  DEVELOPMENT  CENTER 

DEPARTMENT  OP  THE  ARMY 


ATTNt 

DRSMCHXB  (A) 

1 

ATTN: 

DRSMC-CLB-C  (A) 

1 

HQQA 

ATTNt 

DRSMC-CLB-P  (A) 

1 

ATTNt  DAZN-ZCE 

1 

ATTNt 

DRSMC-CL8-PS  (A) 

1 

ATTNt  DAMA-WSM 

1 

ATTNt 

DRSMC-CLB-PO  (A) 

1 

ATTNt  DAMA-CSC 

1 

ATTNt 

DRSMC-CLB-R  (A) 

1 

HASH  DC  20310 

ATTNt 

DRSMC-CLB-R(A)  (A) 

1 

ATTNt 

DRSMC-CLB-R(M)  (A) 

1 

OFFICE  OP  THE  SURGEON  GENERAL 

ATTNt 

DRSMC-CLB-S(S)  (A) 

1 

ATTNt 

DRSMC-CLB-T  (A) 

1 

Conander 

ATTNt 

DRSMC-CLB-TE  (A) 

1 

US  Any  Medical  Research  and 

ATTNt 

DRSMC-CLC-B  (A) 

1 

Development  Laboratory 

ATTNt 

DRSMC-CLC-C  (A) 

1 

ATTNt  SGRD-PLC 

1 

ATTNt 

DRSMC-CLC-E  (A) 

1 

Fort  Detrick,  Frederick,  MD  21701 

ATTNt 

DRSMC-CLF  (A) 

1 

ATTNt 

DRSMC-CU-IL  (A) 

2 

Commander 

ATTNt 

DRSMC-CLJ-IR  (A) 

1 

Letterman  Any  Institute  of  Research 

ATTNt 

DRSMC-CU-M  (A) 

1 

ATTN:  SGRD-UL-DIT 

1 

ATTNt 

DRSMC-CLJ-P  (A) 

1 

Presidio  of  San  Francisco,  CA  94129 

ATTN: 

DRSHC-CLN  (A) 

1 

ATTNt 

DRSMC-CLN-D  (A) 

1 

Coanandant 

ATTNt 

DRSMC-CLN-S  (A) 

1 

Academy  of  Health  Sciences,  US  Army 

ATTNt 

DRSMC-ON-ST  (A) 

l 

ATTN:  HSHA-CEM 

1 

ATTNt 

DRSMC-CLH-TK  (A) 

l 

Fort  Sam  Houston,  TX  78234 

ATTN: 

DRSMC-CLT  (A) 

1 

ATTNt 

DRSMC-CLW-C  (A) 

1 

US  ARMY  MATERIEL  DEVELOPMENT  AND 

ATTN: 

DRSMC-aW-P  (A) 

1 

READINESS  COMMAND 

ATTNt 

DRSMC-CLW-E  (A) 

1 

ATTN: 

DRSMC-CEY-A  (A) 

1 

Commander 

ATTNt 

DRSMC-CLY-R  (A) 

1 

US  Any  Materiel  Development  and 

ATTN: 

DRSMC-CLR-I  (A) 

1 

Readiness  Ccunaarvd 

ATTN:  DRCIS-A 

3 

COPIES 

POP.  AUTHOR(S) 

5001  Eisenhower  Ave 

ATTNt  DRSMC-CLT-I 

1 

Alexandria,  VA  22333 

RECORD  OOPY:  DRSMC-CLT-A  (A) 

1 

Director 

DEPARTMENT  OP  DEFENSE 

US  Any  Materiel  Systems  Analysis  Activity 

ATTN:  DRXSY-QC 

1 

Defense  Technical  Information  Center 

Aberdeen  Proving  Ground,  MC  21005 

ATTNt 

onc-onA-2 

2 

Cameron  Station,  Building  5 
Alexandria,  VA  22314 
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08  Any  Missile  o - * 

ATTN:  DBSMUfflC  2 

«nnt  ntsMi-t?  l 

Rsdston*  Arsenal,  AL  35809 
Co— nder 

OS  Army  Natick  Be;  a  arch  and  Develop— nt 
Laboratories 

ATTN:  DKDNA-DC  1 

Natick,  HA  01760 

OSA  OmmCAnONSHMCTKWlCS  OOHHAND 
Co— nder 

USA  Electronics  Research  and 
Development  Coaaaand 

ATTN:  DRDEL-CM  1 

2800  Powder  Mill  Rd 
Adel  phi,  M>  20783 

Director 

USA  Atmoahperic  Sciences  Laboratory 
ATTN:  DELAS-AS-P  1 

White  Sands  Missile  Range,  fW  88002 

US  ARMY  ARMAMENT,  MUNITIONS  AND 
CHEMICAL  (XMttND 

Co— under 

US  Army  Argument,  Mmitions  and 


Chemcial  Coomand 

ATTN:  DRSMC-ASN  (R)  1 
ATTN:  DRSMC-IRI-A  (R)  1 
ATTN!  DRSMC-IRW  (R)  1 
ATTN!  DRSHC-ISE  (R)  1 
ATTN:  DRSMC-tEP-L  (R)  1 
ATTN:  DRSHC-PE  (R)  1 
ATTNs  DRSMC-SF  (R)  1 
Rock  Island,  IL  61299 


OS  Army  Armament,  Munitions  and 


Chemical  Couaand 

ATTN:  DRSMC-MAY-M  (A)  1 

ATTN:  DRSMC-MAS-C  (A)  1 

ATTN:  WSMC-QAC-E  (A)  1 

ATTN:  SMOTE  (A)  1 


Aberdeen  Proving  Ground,  M>  21010 

US  ARMY  ARMM0K  RESEARCH  AMD 
DEVELOPMENT  CENTER 

Commander 

US  Army  Am— ent  Research  and 
Development  Center 

ATTN:  DRSHC-PSE-EN  (D)  1 

ATTN:  DRSMC-SCF-JO  (D)  1 

Dover,  NJ  07801 

Comnander 

Armament  Research  and  Development 
Center  (BRL),  AMCCCM 

ATTN:  DRSMC-BLU  (A)  1 

Aberdeen  Proving  Ground,  MD  21005 

US  ARMY  TEST  &  EVALUATION  OCM4AND 

Commander 

US  Army  Test  &  Evaluation  Coomand 

ATTN:  DRSTE-PP  1 

Aberdeen  Proving  Ground,  HD  21005 

DEPARTMENT  OP  THE  NAVY 

Co— under 

Naval  Research  Laboratory 

ATTN:  Code  6600  1 

4513  Overlook  Ave,  S.W. 

Washington,  DC  20375 

Commander 

Navel  Sea  Systems  Command 

ATTN:  PMS-405  1 

Washington,  DC  20362 
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os  marine  asps 

Ce—nding  Central 
Marina  Corpa  Development  and 
Education  Coamand 
ATTNi  MCDEC 
Quantico,  VA  22134 

DEPARTMOTT  OF  IRE  AH  FORCE 

Commander 

OS  Air  Force  Weapons  Laboratory 
Kirtland  Air  Force  Base,  IM  87117 

Commander 

OS  Air  Force  Aerospace  Medical  Division 
ATTN!  AMD /HOT 
Brooke  Air  Force  Base 
San  Antonio,  TX  78235 

US  A VM  TRAINING  AND  DOCTRINE  OOMWO 

Commander 

OSA  Training  &  Doctrine  Cramand 

ATTN!  ATEN-FN 

Fort  Monroe,  VA  23651 

Coomander 

OSA  Combined  Arms  Center  and 
Fort  Leavenworth 
ATTN:  AXZL-CAM-D 
Fort  Leavenworth,  KS  66027 

ADDITIONAL  ADDRESSEES 

Coomander 

HQ,  I  Corps  and  Fort  Lewia 
ATTNs  AFZH-FBQ 
Fort  Lewis,  WA  98433 

Coaaander 

US  Army  Forces  Cnaaind 

ATTN:  AFEM-MSE 

Fort  McPherson,  GA  30330 


Coaaander 

OS  Army  Environmental  Hygiene  Agency 
ATTN:  HSHB-RL-L 
ATTNi  DRXSY-GC 

Aberdeen  Proving  Ground,  MD  21005 

1 

Director 

US  Nigbt  Vision  and  EO  Laboratories 

ATTNi  DELNV-L 

Fort  Belvoir,  VA  23651 

1  Director 

US  Army  Electronic  Warfare  Laboratory 

ATTNi  DELEW-DD 

ATTNi  DELEW-P 

Fort  Monaouth,  NJ  07703 

1 

Director 

US  Army  Electronic  Technology  and 
Devices  Laboratory 
ATTN:  DELET-OT 
Fort  Monmouth,  NJ  07703 

Commander 

1  US  Army  Aviation  Research  and 

Development  Command 
ATTNi  DRCPM-ASE-TM 
4300  Goodfellow  Blvd 
St.  Louis,  MD  63120 

1  Coomander 

USA  Electronics  Research  and 
Development  Caaaand 
ATTNi  DRDEL-SS 
Adelphi,  J©  20783 


1 


1 
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